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Chaste r  1 

Introduction 


Tkt  direct  u«  of  iUum  as  starting  materials  tor  the  synthesis  of  a  wide 

1 

range  of  petrochemicals  is  a  major  goal  in  Chemistry.  Alkanes  are  by  their  eery 
nature  en reactive  and  thus  routes  for  the  activation  of  alkanes  are  being  actively 
sought  One  premising  route  is  the  use  of  trsnsltion  metal  complexes  to  effect 
this  activation,  however  many  of  the  complexes  investigated  have  been  insoluble 
in  alkanes  with  the  result  that  a  suitable  solvent  medium  has  had  to  be  used.  Of 
necessity  the  solvent  used  la  potentially  more  susceptible  to  estivation  than  the 
desired  alkane.  Accordingly  we  have  adopted  a  rather  different  approach  in  that 
we  have  synthesised  two  series  of  long  ehala  tertiary  phosphine  and  tertiary 
phosphine  oxide  ligands 


1  groups  are  straight  chain  alkyl  groups  with  chain  lengths  in  the  range  C1Q  to  CJ0; 

groups  are  also  straight  chain  alkyl  groups  la  the  range  Cj  to  Cg.  As  expected, 
these  ligands  confer  high  alkane  solubility  to  their  trsnsltion  metal  complexes. 

A  range  of  platinum,  palladium  and  rhodium  oaaplexns  containing  these  long 
alkyl  chain  tertiary  phosphines  have  been  prepared  and  characterised.  Particular 
interest  was  focussed  initially  on  the  ability  of  these  complexes  to  undergo 
oxidative- addition  since  this  is  believed  to  be  a  key  step  la  the  activation  of 
alkanes.  During  the  course  of  this  work  it  was  discovered  that  not  only  were  the 
rhodiun(l)  complexes  {nCl(00)(FKs)a}  very  effective  at  promoting  the  oxidative- 
addition  of  alkanes,  but  also  that  this  might  provide  s  valuable  approach  to  the 
degradation  of  austard. 

The  unique  extreme  solubility  of  the  transition  natal  complexes  of  long  alkyl 
Asia  tertiary  phosphines  leads  to  some  interesting  possibilities  in  using  these 
complexes  to  eatalyae  organic  syntheses.  This  has  been  investigated  by  examining 
tbs  hydroformylatloa  of  1-hexsos  in  the  presence  of  [khCl(CO) (Pkj)^}  where  the 
presence  of  para-alkyl  substituents  la  the  phenyl  rings  of  trlphenylphosphine  was 

1. 


found  to  enhance  ths  ratio  of  normal  '•  btuekad  aldehyde  fornod.  A  second  catalytic 
systen  that  haa  boon  studied  in  detail  la  tha  select ire  reduction  of  the  dl-  and 
trl-oleflna  nethyl  llnoleate  and  nethyl  llnolenate  to  the  corresponding  aono-olef lna 
la  the  presence  of  tln(ll)  chloride  and  {MCl^PBglg]  where  ■  ■  Pd  and  Pt .  The 
presence  of  para-alhrl  substituents  on  the  phenyl  rings  of  trlpheaylphosphlne 
increases  the  activity  of  the  platlnun(ll)  complexes.  The  activity  of  the 
platlnuB(II)  complexes  la  further  enhanced  by  oalttlng  the  eoleeat  that  la  nornally 
used,  and  relying  Instead  os  the  aolubility  of  the  platlnua(II)  couples  In  the 
poly-olefln  substrate. 

Chapters  2  -  S  of  this  report  are  based  on  the  papers  previously  published  in 
the  open  literature  together  with  papers  currently  submitted,  whilst  chapters  6  and 
7  report  vorh  carried  out  In  the  last  three  aonths  of  the  grant.  Chapter  8  provides 
an  overall  sueeary. 
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Tin  Preparation  md  ChwcfrlMtlon  of  Long  Alkyl  Chain 
Tertiary  Phosphine* 


The  preparation  and  oharaoterleatlon  of  tke  two  aeries  of  long  alkyl  chain 

1  3 

tertiary  phosphines,  1  and  %,  are  described  In  two  papers  '  Since  the 


P(CnH3n+l>3 
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phosphines  1_  had  *  are  air  sensitlwe  low  melting  waxy  solids,  it  was  convenient 
to  oxidise  them  to  the  more  stable,  more  crystalline  tertiary  phosphine  oxides, 
B3F0,  whose  preparations  and  characterisations  are  also  described.  Mass 
s pec t reentry  proved  to  be  a  very  valuable  technique  for  characterising  both 
the  tertiary  phosphines  sad  tertiary  phosphine  oxides.  In  the  course  of  this  it 
was  found  that  the  aryl  phosphines,  |,  all  gave  [m]  +  as  the  base  peek  except  tor 
Wtj  Itself  which  gives  J  ss  the  base  peak.  For  the  oxides  [m-h]  +  gives  the  base 
peak  tor  all  but  one  phosphine.  This  is  described  la  reference  3.  hefereacee 
1,  2  and  3  are  reproduced  as  the  remaining  pages  of  this  chapter. 
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Th*  Preparation  and  Propartioa  of  Tertiary  Phoaphinee  and  Tertiary 
Pttoephine  Oxidea  with  Long  Alkyl  Chains 

•y  mpfciii  Frmmk  It.  Pt»M  J.  A.  McCaffrey,  Oipartwm  of  ChsmMry  and  MfMwgy, 

Tha  Royal  Mttfcary  CoHag>  of  Sdanca»  Shrlvanham,  Swindon.  Wlltahlre  SN6  SLA 

A  aariaa  of  tartfasy  pfwapMnaa  and  Vafdafy  plmpMAa  oxkftas  aid  ainiQM'Qhain  alkyl  youpi  of  batwaan  tan  and 
nlnaiaan  cadow  stores  hava  baan  pnpand.  Tba  taitoy  phoaphinas  at  waxy,  vavy  ab*aanaMaa  aodds  wbaaaaa 
tba  tardary  pftoapMna  oiddaa  are  more  afyataMnai  are  alabla  In  ab,  and  do  not  aVoa  da  dadgwacanoa  aaaooiaaad 

wan  wa  mw  nnnoMi  w  ua  Nnn  nun  psp  cmini  cwnwiaa  imwvin  owe  mq  nwi  canvisn  mre  ina 

compounds  mn  obonoiwiood  by  mlcrosaaiyals.  U.,  *H,  and  "F  iuu.  iptotn,  and  maaa  speanumotry.  Tba 
tdaSndpbeabWnaa  warn  found  lo  ton*  rssdBy  aamptwaa  [ML,cy  whh  padadRufn(a)  and  pMrnmKa)  and  dia 

.bIJu  m  B I  ■  I  ■  ■  ■  tB^aS  .i.  —  B  ■  a  B  —  ^  ^  b1^Lb|/uV  — #BB%  1b 

uwmi^pnofpnaa  oiDQH  voavnao  voapare  awi  oaianQ*  wen  n  wewi\sj  ano  9vppa^9|i  01  ova  rei  oananvon 


Tertiary  phosphines  are  very  good  Uganda  for  tran¬ 
sition  metals,  and  tertiary  phosphine  oxidea  for  lan¬ 
thanide  and  actinide  elements.  It  was  therefore  of 
interest  to  prepare  complexes  of  these  ligands  with  long 
straight-chain  alkyl  groups,  P(n-C,Ha,«i).  and  PO- 
(n-C.H»,,i)t.  since  such  complexes  would  be  expected  to 
be  freely  soluble  in  hydrocarbon  solvents  which  is 
desirable  for  many  applications,  including  the  prepar¬ 
ation  of  homogeneous  catalysts  for  the  activation  of 
alkanes  and  the  preparation  of  new  reagents  for  the 
solvent-extract  ion  of  metala.  Accordingly  we  report 
here  the  preparation  and  characterisation  of  the  complete 
series  of  tertiary  phosphines  and  tertiary  phosphine 
oxides  with  straight-chain  alkyl  groups  comprising 
between  ten  and  nineteen  carbon  atoms. 

Prior  to  this  work  the  only  compounds  which  are 
reported  here  that  have  previously  been  described  are 
P^-CsA^s.*-*  Ptn-C^H*)**  Pfn-CjjH*),*  P- 

(n-C* HJj,1  and  POfa^iy,  *  and  none  of  these  have 
been  fully  characterised. 

EXmiMINTAl. 

Preparation  of  Uo  Trimlkyiphotfkitui — The  triaikyl- 
phosphines  an  extremely  asaritive  to  oxygen.  Accordingly 
all  step,  in  their  prepeiatioa  and  characterisation  were 
e  fleeted  under  an  atmoephere  of  nitrogen.  The  trial  kyl- 
pheephiaee  were  prepared  from  the  corraapondiag  alkyl 
bromide,  by  reacting  the  Grigaard  reagent  with  phosphorus 


trichloride  in  tetnhydrofuran  solution.  The  solutions  were 
hydrolysed  with  a  deoxygeoated  saturated  aqueous  solution 
< rf  ammonium  chloride  .*  The  organic  layer  eras  syringed 
oft  into  a  Schlenk  tube  and  dried  over  anhydrous  sodium 
sulphate.  The  tetrahydrofuran  was  distilled  oft  ta  name, 
leaving  the  crude  phosphine  which  was  dried  sn  seme  at 
•0  *C  for  14  h,  followed  by  recrystallisation  bom  chloroform 
and  ethanol.  The  lower  members  were  found  to  be 
extremely  difficult  to  rscrystmllise  due  to  their  srazy  states, 
but  the  higher  members  were  easier  to  handle  and  rears 
obtained  in  higher  parity.  Appearances,  yields,  and  m.p.i 
are  recorded  in  Table  1.  All  the  alkyl  wars 

available  commercially  except  s-undecyl  bromide  and 
n-hsptadecyl  bromide  which  were  prepared  from  the 
corresponding  alcohols  by  the  action  of  hydrobromic  acid  * 

Preparation  o/fhr  Triolkyipkotpkim  Ooiin— Tha  trialkyl- 
phnaphlnaa  wars  treatad  undar  nitrogen  srith  a  sUght  aaoam 
of  hydrogm  peroxide  (•%  w/r),*  calculated  no  the  bade  of 
the  reaction  PR,  +  H/V+POR.  +  H*0.  The  trialkyl- 
pheephiae  oxide*  wan  extracted  srith  ckhnfnu,  Med 
over  anhydrous  sodium  solphats.  pradpitatad  by  tha 
addition  of  ethanol,  and  terry staHlaeil  from  aostooa. 
Appearances,  yields,  raps,  and  microanalytiral  data  an 
given  in  Table  1. 

CMoraeitritalion  of  tte  TnaUytfkotfiMnot. — The  waxy 
state  of  the  knrer  trialkyiphnephinee.  coupled  with  the 
extreme  sensitivity  to  oxygen,  rendered  purification  and 
characterisation  very  difficult.  Good  mkroanalytical  data 
wan  only  obtained  for  the  higher  members  of  the  series 
(see  Table  1).  Accordingly,  complete  characterise tioa 
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Physical  and  analytical  data  fur  the  trialkylpboephtnee 
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Physical  and  analytical  data  far  the  tarialkytpbosphfae  oxide* 
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4  aa  triefayteheenhiae  *  Recorded  fa  CDQ,  aolutioo  containing  SUfe,  as  fatemel  standard  •  Recorded  fa  CDCL 
TMP  aa  asternal  etendeid.  *  See  ref.  A 

depended  on  a  combination  of  physical  technique*  together 
with  the  chaiacteriaatfaw.  including  microanalyii*,  of  the 
corresponding  trialhylphoaphine  axid*. 

The  i.r.  spectre  (4  060  >00  cm-1),  obtained  without  the 
need  far  a  malKag  agent,  dueed  the  ebaence  of  band* 
attribe  table  to  l*=0  or  P-O  etretching  modea  indicating  tb« 
absence  of  rigoHfaaitt  amonnta  of  oxidation  prod  nets. 
Strang  abeorptfan  band*  at  1004-INt  cm"1  (C-H 
etretching  modea  fa  CHJ,  3  810—1  <10  cm*  (C-H  stretch- 
fag  mode*  fa  CHJ.  1  480-1  400  and  1  304—1  300  cm* 
(C-H  defarmatinn  mode*),  and  730 — 710  cm'1  (CH,  rocking 
mode*),  which  are  all  coneietant  with  the  premnre  of  tri- 
*  mfhlnm  *  were  dbearved.  No  bande  eaeignahle  to 
P-C  etretching  modea  wen  obeerved.  Such  band*  an 
expected  buteeen  700  and  000  cm'1  and  are  either  too 
week  to  be  nbearved  or  are  obecered  by  the  rtrang  CH, 
tockfug  Bodn. 

The  *H  n.m.r.  epectre  ahowed  mnltipiet*  at  1 1.31  and  a 
triplet  at  I  0.30  (downield  from  SiMeJ  assigned  to  the 
methylene  and  methyl  group*.  raapectively,  of  the  long 
afcyi  ahafae  Integrated  integrities  of  thee*  two  peak* 
wane  comfatant  with  the  expected  neaeber  of  protuna  par 
alkyl  ohafa.  The  abeence  of  any  farther  proton  eigual* 
pfTivfcW  trkkioi  ci  purity. 

The  mem  epectre.  aH  ehnwed  the  expected  moiecatar  fan. 
The  fregeeentetinn  patfarn*  won  charactartatk  of  the  tri- 
albylphoaphfaaa;  an  an  expected  peek*  ware  obeereed.  nor 
were  peak*  eentefafag  narygne.  therefore  the  mam  apactrx 
provided  farther  evidaeoe  of  parity. 

Attempt*  to  me  gm-Hqnid  chromatography  to  provide 
a*  eetiaiete  of  parity  k*  wart  anaaooemfal  became  darom 
poritim  ooanrrad  katow  the  taaeperetarr  aacamary  far 
station.  That  mfag  a  3  ft  cofanm  of  10%  SE  30  on  30— 
too  mat  Cbramaaorti  WHP.  a  tmnperatnre  programme 
ftamldi  110  *C ad<  X  aria"1,  and  bnth  a  damn  fanimtfan 

at  rrie^riy'ih^imu'i'lra  tLnm^thfa^did^ot^coiifafa 

containing  eonmonnd  after  a  relatively  long  interval  of 
thno;  for  PfCjtU*  thfa  latter  peak  ema  abler**  d  after 
IT  cefa  cceregpendfag  tn  a  oefamn  tm^eratnr*  of  300  *C. 


ChcrocitriuMon  of  U*  TriaUtyiphotpkim  OxuUt. — Good 
mfaroanalytfaal  data  wen  obtained  lor  all  members  of  the 
eerie*  The  i.r.  spectre,  recorded  fa  Na)ol  and  hexachloro- 
tmtadieae  mall*,  ehowed  e  strong  absorption  band  centred 
at  aboet  1  140  cm'1  which  waa  assigned  to  the  P=0  stretch¬ 
ing  vibration;  in  other  respect*  the  spectre  resembled 
thorn  of  the  trialkylphosphinm.  The  *H  n.m.r.  spectre 
wan  eeeentielly  identical  to  thorn  of  the  trialkylphoephinea 
in  showing  a  mnltipiet  at  8  1.37  dm  to  the  methylene 
protons  and  a  triplet  at  3  0.88  dm  to  the  terminal  methyl 
protons.  The  ebaence  of  any  further  resonances,  together 
with  the  fact  that  the  relative  integrated  intensities  of  the 
two  peaks  were  consistent  with  the  anticipated  formulae, 
waa  taken  as  an  indication  of  purity.  The  phosphorus-31 
n.m.r.  spectre  in  CDC1,  showed  a  single  reeo nance  in  the 
range  43—  48  p.p.m.  downfield  from  trimethyl  phaephate, 
which  is  consistent  with  the  values  reported  previously  for 
other  members  of  the  series*'11'1*  In  addition  the  single 
phosphorus  resonance  provided  further  evidence  of  purity. 

The  mam  spectra  all  showed  the  expected  molecular  fan 
and  the  fragmentation  patterns  were  characteristic  of  tri- 
alkylphoephine  oxides,  with  no  unexpected  peaks. 

Mmnmmtnh — Mfaroanalytfaal  data  were  determined  in 
the  Chemistry  Department  at  University  College,  London. 
Mam  spectre  were  recorded  on  a  Hitechi-Perkin-Elroer 
RMU-7M  mam  spectrometer  using  a  VG  3034  data  system 
at  the  Materials  Quality  Assurance  Directorate.  Woolwich. 
London.  Hydrogen- 1  n.m.r.  spectra  wan  recorded  fa 
CDCIf  solution  containing  tetramethyWIan*  as  an  internal 
standard,  asing  a  PerUn-Elmar  R33  spectrometer  Pboe- 
phncm-31  n.m.r.  spectre  were  recorded  fa  CDC1,  solution 
nsfag  a  Brncker  WH  36  rperttumeter  (16-nun  phoephnrui 
probe,  34.4  MHs).  AU  chemical  shift*  wen  immured 
relative  to  trimethyi  phosphate  (TMP)  as  external  standard. 

I.r.  epectre  were  recorded  fa  the  range  4  006  346  cm'1 
and  4  660—160  cm*  nsfag  Perkfa-Efaner  spectrometer*, 
nedek  441  and  4 11,  respectively.  Solids  wen  run  aa 
ereU*.  asing  Nujol  or  hexeckfarohutediem  a*  the  mailing 
■gent,  and  Uqaids  aa  thfa  tom  aefag  potassium  bromide 
piste*  far  the  range  4  606—400  car1  and  Cel  or  polythene 
plates  below  446  cm*1.  All  ^ectra  were  calibrated  with  a 


J 


ataadavd  polystyrene  aim.  Cm  hqnld  *wmiMe  tonpaak;  - *~* 

data  wan  recorded  using  ft  Packard  41*  gae-ttqoid  duo-  tan  [two  dda  an  bat,  CA,  dm 
matofrapft.  sqaipped  with  s  danft photometric  detector,  ft  tkroogh  (I);  the  in  hm 

phoephara  probe,  and  a  Cork  point  pyrolyaer.  far  rapid 

injection  of  sample.  ♦ 


(i)  aad 

n  (I)  is 


PHMnJ,-w 


•molts  ""r  "i  .1)1  r  “Tirri  .it  t  *  f% 

The  triaBtjdphoapWaaft  wan  all  tow-aeMag  waxy  aoHde 
that  wan  aataaah  aohabia  ia  haaaaa  aad  ehtaciaatsd  dnadaaat  ia  mat  of  tha  ipiiCnj;  fM)  laas  ad  < 
solvents  aoch  aa  dichleromathaas.  chlorofera,  carboa  tatra-  aad  7d  daa  to  IKIhi  aad  FUft  aaapaakwaly;  aai 
chloride,  aad  l.t-dtahloroethaae,  aad  moderately  aoioble  ia  each  aa  CH,*,  QH,4.  C^H,*.  CA*.  Cji,*,  «Ss..  aa 
tetrehydrofann,  baaaaae,  aad  other  aromatic  solvents,  CtHt*,C|Ht*.C^*.ata..  i'll*  ah^atolanefaedsai 
hot  aicohola  aoch  n  methanol  aad  ethanol,  aad  warn  thaaafthecornapaadtogahcyitaa  Thanianan 
acetone.  They  are,  howaear,  ineolnbie  fa  cold  mathaaol,  thonobaamd  lathe  nan apaclnaf  aahanwl 
ethanol,  aad  ecetoae.  Than  solubility  chftrnctariatica  are  reach  a  maximum  at  aronad  C^H,*  aad  C^K,*  aad  1 
very  aimilar  to  thon  of  the  alkyl  bromides  from  which  they  tail  of  rapidly  in  Intanaity  ,”  aa  ohaarnd  her 
an  prepared,  n  waH  aa  of  any  dacompoaitioa  products  bnnchad-chaia  aikanaa  a  vary  ddhaont  patian  iai 
including  the  ooensposirtiag  trialkyiphoepbine  oxides.  The  meat  epectra  an  thaa  oonaMant  with  the  pa 


■  epactnnetPtCMHa), 


Ansnrdlngty  parldralkm  jadigcnttand  naeaaaitataa  aaaltipla  ha  ear  alkyl  tertiary  phoaphhiaa  Tka  fragaanta  nhaaread 

MCiiOHU  iwCijfmiiiiBnoB.  i  ov  tnuijipfln^iiuiMi  ot  Cnii  m  bxphhdbq  oy  im  bv^mdwioi  piwb  pw  ■ 

vary  sanaKIve  to  air,  wUeh  raaalts  in  the  formation  of  a  Scheme.  It  ii  apparent  ham  the  relative  ab— itanoae  of  the 
targe  amber  of  nxMatina  pndneta.  Thaa  the  “P  n.m.r.  products  Oat  the  principal  hagmmtaiina  mate  far  P(C ur 
apactnw  of  P(CMHaa)(,  altar  standing  ia  chloroform  ly,  involves  P-C  bond  rise  vega  with  lam  of  the  olds 
aohrtioa  in  air  for  several  hoan,  mowed  no  absorption  dne  CJHU  and  temathn  of  FB(yU»  TMa  ia  ooaaMmt 
to  Ule(tatiadacyl/phosph<ae  (ea.  M  p.p.m.  apMd  from  with  the  motive  snarfin  of  the  P“C  and  C-C  hnnda  of  ea. 
TUP).  hot  bands  dowahaM  hem  TMP  at  -«.«  (•),  *7i  aad  ea.  hit  kj  aset*,  napaetfvaiy.a'aia 

-a.rn  (1.1).  -n.H  (f).  -If.«  (I),  aad  -I7,«*  ppm  Thetriataytph  capital  i  vital  me  stable  hi  air.  They  an 
(hi)  srhan  toe  flgnras  ha  paraathasss  an  the  matin  aohds  that  an  aaon  cryatolhaa  thaa  tha  rnnu^mdtag 
inaeaaitiaa.  Than  heads  an  eooatatint  with  tha  tatnallna  phnsphiaaa  aad  an  thn  easier  to  knadla  aad  purify.  The 

and  PfO)  (OK),  _Jt,  (« —^jT^Ttlorlln  observed  pnrienair  aadntontodhydrocathaaa,  each  nhenaan,  aad  andatwlaly 
far  the  alf  osddattan  of  tri  a  batylpho«phlna.l*lt  ahbh  ia  arnasaHr  inlrnie,  totiahydwdwa,  warn  ataahsfc 

The  mum  spectra  of  tha  long  kndghtkhaia  trbftyt-  each  aa  aaethaaoi  aad  sthaaot,  aad  warm  acatoaa.  They 


iaadto,PEvM  Mowwnr,  than  aa 
aasnbara  of  tha  asHaa  da  not  to 
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series  [<j. 


6 


3082 


J.C.S.  Perkin  I 


PHM»(CbHjj-R) 


-R 


WChH,!,  ® 


aft  022(95%) 


PWCuHa),  PM»(CKHa)J  _ ® 

•ft  *  425  (100%)  a/i  .  IU>  (20%) 


■eafii 


PHM»(CuH»)  PM#j(CttH^ 


-R 


P(CuHal,tCuHa-R) 


PMr(CuH2^)(C^Hj|*R) 


PM*](CuH]f)(CuHn-R) 


- *  R  ♦  R' 


c»jH|»  — *  R  •  tf 

Scran  Fragmentation  pattern  of  P(CliH1Ji;  the  percentage  abundances  of  the  uniquely  determined  species  are  shown  in 

parentheses,  R  _  R'  -  C.H^, 


phosphine  oxides  are  very  similar  in  appearance  to  those  of 
the  corresponding  phosphines,  with  the  difference  that  all 
the  km  containing  phosphorus  are  sixteen  mass  units 
heavier  doe  to  the  presence  of  an  oxygen  atom.  This  is 
consistent  with  the  greater  bond  energy  of  the  P=0  than 
P-C  bond,  cm  SU  kj  mol-1  (ref.  II)  and  cm.  276  kj  moC* 
(refs.  S  and  IS)  respectively.  A  typical  mass  spectrum  is 
shown  in  Figure  2. 


The  trialkylphosphines  (L)  were  found  to  displace  readily 
ligands  such  as  cyclo-ccUdiene  (COD)  from  complexes  of 
palladium(n)  and  platinum(ti)  to  give  compounds  of  general 
formula  fMl.,Clt)  corresponding  to  those  formed  by  lower 

[M“(COD)CI,]  +  2L— ►  [MHL.C1J  (3) 

members  of  the  series. *’  The  long-chain  trialkylphosphine 
oxides  (L')  complex  with  first-row  transition  metal  elements 


1979 


toss 


inch  as  nickel(n)  and  copper(n),  in  a  similar  manner  to 
shorter-chain  trialkylphosphine  oxides."  The  character¬ 
istic  colour  ol  the  nickel-phosphine  oxide  complexes  may 
be  used  for  the  detection  of  tertiary  phosphine  oxides.1*-1* 

NitClOJ,  +  41/  — ►  [NiL'JCCIOJ,  (4) 
Red-rose 

We  thank  Dr.  W.  P.  Griffith  and  Dr.  S.  G.  Murray  for 
valuable  discussions.  Lady  Richards  for  help  in  recording 
the  **P  n.m.r.  spectra  and  Professor  Sir  Ewart  Jones  for 
allowing  us  to  use  the  *"P  n.m.r.  spectrometer  at  the  Dyson 
Perrins  Laboratory  in  Oxford,  Dr.  B.  McIntosh  for  help  in 
recording  the  mass  spectra,  and  Dr.  I.  Du  ns  tan  of  M.Q.A.D.. 
Woolwich,  for  permission  to  use  this  facility. 

[9/069  Rtcstvtd.  1  ttk  January.  1879] 


REFERENCES 

>  N  G.  Feshchenko.  T.  I.  Alekseeva,  and  A.  V.  Kirsanov, 
Zknr  obshckti  Kktm.  1948,  M  189 

>  K  I  Kusmin.  Z  IT,  Psnfilovich,  and  L.  A.  Pavlova,  Trudy 
Asia*  Kktm  Tshhnoi  Inst  .  1946.  *4.  398 

•  H  R  Hays.  /  Ore.  Cktm.  1944.  U.  3817. 

•  K  Baar.  Kolloid-Z  ,  1970.  444.  8.  154. 

*  G.  M  KosalapofF  and  L.  Maier,  ‘  Organic  Phosphorus 
Compounds.’  vols.  1  and  3.  Wiley-Intetscience,  New  York,  1973. 

*  A.  I  Vogel,  ’A  Text  Book  of  Practical  Organic  Chemistry.’ 
Longmans.  London,  3rd  edn  .  1946 


1  L  J  Bellamy.  '  The  Infra- red  Spectra  of  Complex  Mole¬ 
cules,  Chapman  and  Hall.  London,  vol.  1,  1974. 

■  L  C  Thomas  ‘  Interprets  bon  of  Infra-red  Spectra  ol 
Orgaao-phoepharut  Compounds,’  Heyden.  London.  1974 

I  R.  Fienland.  J.  Saas.  and  S.  A.  Buckler.  Analyt.  Cktm  ,  1943. 
44.  9*0. 

"  B.  J  Gndsinavica  and  R  H.  Campbell,  A ntiyC  Cktm  .  1941. 
44.  1510. 

II  J.  L.  Burdett  and  L.  L.  Burger.  Conod.  J.  Cktm .  1*44.  44. 
111. 

»  M.  M.  Crutchfield.  C  H.  Dungan.  J  H  Letcher.  V  Mark, 
and  J  R.  Van  Waaer.  in  '  Topics  in  Phosphorus  Chemistry.’  vol 
5,  eds.  M.  Grayson  and  E.  J.  Griffiths,  lnteracience.  New  York. 
1947.  p.  1. 

“  S.  A  Buckler,  J  Amor  Cktm  Soc.  1948.  44.  3093 
"  M.  B.  Floyd  and  C  E  Booaer,  /.  A  met  Cktm  Soc  .  1943.  |i. 
944. 

>*  Y  Wads  and  R.  K  Wiser.  /.  Pkys  Cktm  .  1*44.  44.  3390 . 
"  I.  Granoth,  in  ’  Topics  in  Phosphorus  Chemistry.’  vol.  8 
eds.  M.  Grayson  and  E  J.  Griffiths,  lnteracience.  New  York.  1974. 
41 

11  W.  Kemp,  ’  Organic  Spectroscopy.’  Macmillan.  London. 
1*75,  p.  804. 

11  L.  H.  Long  and  J.  F  Seickman,  Tratu.  Faraday  Soc  .  1967. 
M.  1404. 

"  L.  Pauling,  '  The  Nature  of  the  Chemical  Bond.’  Cornell 
University  Press,  Ithaca.  New  York,  3rd  edn.,  1940 

■  F  R  Hartley  and  S  J  Porter,  unpublished  results 
»  LA  Kerr,  Cktm  Rtv ..  1944.  44.  446 

"  F  R.  Hartley.  '  The  Chemistry  of  Platinum  and  Palladium.' 
Applied  Science,  London,  1973. 

■  K.  Isaieib  and  B  Mitscherhng.  Z.  anorg.  Cktm..  1940.  444. 
73. 

"  N  M.  Karsvannis.  C.  M.  Mikulski.  L  L.  Pytlesrski,  and 
M  M  Labes  Inor'g  Cktm  .  1970.  4.  682 


6. 


1960 


Preparation  and  Properties  of  Tertiary  p-Alkylarylphosphines  contain¬ 
ing  Straight-chain  Alkyl  Groups 

By  Stephan  Frank*  and  Frank  R.  Hartley.-  Department  of  Chemistry  and  Metallurgy.  The  Royal  Military  College  of 
Science.  Shnvenham,  Swindon,  Wilt*.  SN6  8 LA 

A  seriea  of  tri*(p-afkytaryf)pho*phin*a  with  (freight  chain  alkyl  groups.  where  n  -  2—9.  have 

been  prepared  by  reaction  of  phosphorus  thchloride  with  the  Grtgnard  reagent  derived  from  the  corresponding 
p-bromoekiytbenian*.  When  n  •  2  and  3  the  phosphines  era  crystalline  solids,  but  for  n  >  3  they  are  viscous  oils 
up  to  n  «  S.  which  is  a  waxy  solid.  The  phosphines  have  been  characterised  by  mkroanalyai*.  end  i.r..  ‘H  and 
*‘P  n.m.r..  and  mass  spectrometry  The  p. substituted- arytphoaptunes  are  more  sensitive  than  triphenylphosphine 
to  air;  aerial  oxidation  converts  them  sxclusivety  into  the  corresponding  phosphine  oxide,  in  contrast  to  trialkyl- 
phosphines  which  are  oxidised  to  a  complex  mixture  of  products.  The  completing  ability  of  the  new  phosphines 
(PAr,)  is  demonstrated  by  iheir  reedy  displacement  of  I.S-cyclo-octediene  (cod)  from  (M(cod)Cm  (M  •  Pd  and 
Pi)  to  yield  Pans- (Pd(PAr,),CI,l  end  crs>[Pt(PAr,)tCll}.  respectively. 


Tertiary  phosphines  are  very  good  ligands  for  trans¬ 
ition  metals,  and  tertiary  phosphine  oxides  for  lanthanide 
and  actinide  elements.  In  a  previous  paper  1  we  re¬ 
ported  the  preparation  of  such  compounds  with  long 
straight-chain  alkyl  groups  from  which  it  is  possible  to 
prepare  complexes  that  are  freely  soluble  in  hydrocarbon 
solvents,  a  property  that  is  desirable  for  many  applic¬ 
ations  including  the  preparation  of  homogeneous  catalysts 
for  the  activation  of  alkanes  and  for  the  hydrogenation, 
isomerisation,  hydroformylation,  and  hydrosilylation  of 


sensitive  to  oxygen  both  in  solution  and  in  the  solid  state 
The  sensitivity  depended  upon  the  length  of  the  alkyl  chain 
attached  to  the  phenyl  rings.  Therefore,  all  steps  in  their 
preparation  and  characterisation  were  effected  under  a 
nitrogen  atmosphere. 

The  tris(p-alkylaryl)phosphines  were  prepared  by  treat¬ 
ing  the  Grignard  reagent  of  the  corresponding  p-bromo- 
alkylbenxenes  with  phosphorus  trichloride  in  tetrahydro- 
furan  solution.  The  lower  members  of  the  series  were 
found  to  be  crystalline  solids  which  were  purified  by  re- 
crystallisation.  However,  the  higher  members  (n  >  3)  were 


Table  1 

Physical,  analytical,  and  spectroscopic  data  for  the  triarytphosphines  P(p-C,H4R), 


R 

Colour 

Appearance 

Yield  • 

(%l 

Bp 

("C)  * 

•ip  n.m.r. 
chemical 
shift  • 

Molecular 
ion  .'f¬ 

Analysis  (%) 

Found  (calc.) 

C  H  ‘ 

C,H, 

White 

crystalline  solid 

S3 

99 

4  10  • 

lu 

83  6  (83  3) 

7.9  (7  9) 

C,H, 

White 

crystalline  solid 

71 

46—48 

+  10« 

366 

82.9  (83  6) 

8.6  (8  6) 

C.H, 

C.H,, 

Yellow 

Yellow 

viscous  oil 
viacout  oil 

67 

at 

XU  (0.0051 

396  (0  36) 

4-IOt 
+  10.6 

473 

83.7  (83.7) 

93  3  (83  9) 

9.1  (9  1) 
9.3  (9.0)  ‘ 

CJH.. 

C,H„ 

C.H., 

C.H., 

Yellow 

Yellow 

Yellow 

Yellow-green 

viscous  oil 
viscous  oil 
viscous  oil 
viscous  waxy  solid 

66 

66 

63 

61 

Not  distilled 
380  (0  0061  * 
Not  distilled 
Not  distilled 

+  10  0 

4  10  7 

+  io  a 

666 

640 

•  Yield  based  on  PCI,  *  Boiling  point  under  reduced  preesnre.  shown  in  ram  Hr  in  parentheses.  *  Measured  relative  to  trimethyl- 
phosphate  as  an  external  standard,  which  lies  —4  242  p.p.m.  down-held  from  85%  (Lady  Richard*,  personal  communication) 

All  values  refer  to  solutions  in  CDCIs-  *  Phosphorus :  6-7  (found) ,  6.6  (calculated) .  9  Resulted  in  some  decomposition  of  phosphine 


alkenes,  as  well  as  for  the  solvent-extraction  of  metals. 
In  a  number  of  these  applications  there  are  known  to  be 
significant  differences  between  the  properties  of  the  com¬ 
plexes  of  aliphatic  and  aromatic  tertiary  phosphines. 
For  example  [Rh(PRJtCl]  complexes  are  much  less 
effective  as  catalysts  for  the  hydrogenation  of  olefins 
when  R  is  an  alkyl  group  than  when  it  is  an  aryl  group,*-* 
Accordingly,  in  the  present  paper  we  describe  the  syn¬ 
thesis  of  a  series  of  tris(p-alkylaryl)phosphines  and  their 
corresponding  phosphine  oxides,  P(p-C*H1M.,C(H()t  and 
OHPtp-CuH^H-iCfH j),  in  which  a  =  2 — 6,  all  of  which  are 
reported  for  the  first  time. 

EXPERIMENTAL 

Trit(p-aikyiuryflpkotpkiutt,  P(p-C,H,-C.H„41)t  (a  «*— 
9). — The  tris(p-alkylaiyl)phoaphine*  ware  found  to  be 


found  to  he  viscous  liquids  or  waxy  solids,  and  these,  where 
possible,  were  purified  by  distillation.  Appearance*,  yields, 
and  analytical  anil  spectroscopic  data  are  recorded  in  Table 
! 

Trislp-alkyl*ryl)pkospkitu  Oxidtt.  0=P(p-C,H,  C.H,.,,), 
(a  —  i — 9).— The  tris(p-alkylaryl)phosphtnas  wer*  treated 
under  nitrogen  with  a  slight  excess  of  6%  w/v  hydrogen  per¬ 
oxide  to  yield  the  tris(p-*lkylaryl)phoephine  oxides,  which 
were  either  recrystallised  from  acetone  or  heated  at  to  °C  in 
vacuo  for  It  h  to  remove  any  excess  of  solvent.  Appear¬ 
ances.  melting  points,  and  spectroscopic  data  are  given 
Table  t. 

p-BromotUkylbontnux.  p-BrC,H,-C»Hf,*1  (a  ««  6—9)  — 
The  p-bromoalkylbensenes  were  not  commercially  available 
and  so  were  prepared  by  the  action  of  the  Grignard  reagent 
of  an  alkyl  bromide  on  p-bromobensaldahyde  to  produce  an 
alcohol  which  was  then  dehydrated  and  hydrogenated  to 


9 


2284 

give  the  desired  product.*  p-Bromobeasaldehyde  m 
treated  with  en  excel*  of  the  alkylmagneeium  halide  in 
diethyl  ether  solution  to  yield  the  p-bromophenyl  alcohol, 
which  wai  then  heated  over  freshly  pulverised,  fused 
potaesium  1U*C  forth  or  until  the  de¬ 

hydration  was  complete.  The  dehydrated  product  was  dis- 
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any  solvent.  Physical  and  microanalytical  data  are  given 
in  Table  4. 

Materials. — Complexes  [Pt(cod)ClJ  *  and  (Pd(cod)ClJ  • 
were  prepared  by  standard  procedures.  The  method  of 
Clark  was  preferred  for  the  platinum  complex  because  it  is 
easier  and  gives  a  whiter  product.  However  the  platinum(n) 


Tails  1 


Physical,  analytical,  and  spectroscopic  data  for  the  triarylphosphine  oxides  0=P(p-C,H4R), 


R 

Appears  nc* 

«P  N.m.r. 

(P  P-m  )  * 

Molecular 
ton  M  * 

C 

Analysis  (%) 
Found  (calc.) 

H 

P 

C.H. 

White  crystalline 

14*—  14S 

-St.  7 

set 

79.0  (79.8) 

S.S  (S.t) 

••*  (3  8) 

C.H, 

sohd 

Whits  crystalline 

110— US 

-SS.I 

404 

79  *  (SO  S) 

3.1  (*•*) 

7.8  (7.7) 

C.H,, 

Yellow  oil 

-S4I 

441 

SO  S  (Sl.l) 

01  (3.1) 

8-7  (8.S) 

CfHu 

C,HU 

Yellow  oil 

Yellow  oil 

-S4.J 

-SOS 

37t 

SS4 

*  Chemical  shifts  measured  relative  to  trimsthyi  plmephate  as  an  external  standard,  which  lies  —  4143  p  p  m  down-field  from 
11%  H.PO,  (Lady  Richards.  personal  communication).  All  values  refer  to  solutions  in  CDCV 

tilled  under  reduced  pceesure  to  yield  the  p-bromonlkenyl-  complex  prepared  according  to  ref.  6  gives  excellent  micro- 
benzene,  which  was  then  diaaolved  in  absolute  ethanol  (100  analytical  data. 

ml)  and  hydrogenated  over  Adam's  catalyst  (platinum  oxide.  IfMiwnml] — Microanalyses  were  determined  in  the 

PtOt'lH,0) .  Distillatioa  gave  the  p-bremoalkylbenieae  in  Chemistry  Departments  at  University  College  London  and 
good  yield.  Boiling  points  of  all  intermediates,  together  the  University  of  Kent.  Mam  spectra  were  recorded  on  a 
with  yields,  are  given  in  Table  3.  Hltachi-Perkin-Elmer  RMU-7M  mam  spectrometer  using  a 

p-BromopropyUminu . — This  may  be  prepared  by  the  VG  1035  data  system  at  the  Materials  Quality  Assurance 
above  route,  but  it  is  more  easily  prepared  by  the  reaction  Directorate,  Woolwich,  London.  Phorphorus-31  n.m.r. 
of  altyl  bromide  with  the  mono-Grignard  reagent  of  1,4-di-  epectra  were  recorded  in  CDC1,  solution  using  a  Brucker  WH- 


Tabls  3 

Physical  data  for  p-faromoaDcylbeiuenet  and  precursors 
p-Bromoalkylphenyi  alcohol  p-Bromoalhenyibsnjsue  p-Bromoalkylbeniene 


Yield* 

Yield* 

Yield  * 

Overall 
yield  • 

Formula  (%) 

Form  sis 

(%) 

B  p.  (*C)* 

Formula 

(%> 

Bp.CC)* 

(%) 

p-B(ClH<CH(OH)C>H,  a* 

p-BrC,H.-CH,CH=CH, 

p-BzC^L-CHeCH-CJt, 

p-bkvl-ch=ch-c5i. 

79 

7S 

»»  (O  il) 

•8  (0.1) 

p-BrC,H.C,Ht 

p-BrC.H.C.H, 

93 

90 

80  (0.6) 

88  (0  03) 

•0 

p-BfC1H«CH(OH)C«Ht  71 

70 

108  (0.08) 

P-BKVLC.H,, 

9* 

*8  (0.1) 

49 

^BrC,H4CH(OH)CiH„  7* 

p  BK^H.-CH=CH-C,H, 

71 

ISO  (0.S) 

P-BKVLC.H,, 

94 

98— SS  (0.08) 

61 

p-BrC,H.CH(OH)C,Hu  «S 

/>BrC,H,-CH=CH-C,H,, 

74 

ISO  (0  18) 
100  (0  1) 

p-BtCJH,C,Hu 

9S 

M  (0.18) 
t#  (0*0) 

46 

e-BrC*H.CH(OH)CrHu  71 

P-B«C,H,-CH=CH-C,HU 

7» 

113  (0.38) 

p-BrC»H4C,H1, 

98 

104  (0  .16) 

46 

p-BKVLCH(OKK^H„  74 

/>BK^H,-CH=CH-CtHu 

SS 

1SS  (0.1) 

^BrCgHgC^Hgg 

94 

107  (O  S) 
lit  (0.38) 

66 

*  Yield  based  on  p-hremuhanialdahyda.  *  Yield  baaed  on  alcohol.  •  B.p.  under  reduced  premure,  shown  in  mmHg  in  parse- 
theses.  4  Yield  baaed  on  alheoylbeneene.  *  Yield  of  p-bromoelkylbensene  based  on  p-bromobensaldehyde. 


bromobensene,  followed  by  hydrogenation  of  the  resulting 
alkane  to  yield  the  desired  product* 

Compounds  [M(PArt),Clt)  ebr»  M  —  Pd,  Pt,  Ar  —  p- 
CJHj-CJH^., — All  experiments  were  performed  under  a 
nitrogen  atmosphere  to  prevent  oxidation  of  the  phosphine 
and  decomposition  of  any  intermediate  complexes.  Chloro¬ 
form  solutions  of  the  phosphine  PAr,  (1  equiv.)  and  the 
cyclo-octadiene  (cod)  complex  [M(cod)Cy  (I  equiv.)  were 
mixed  together  and  stirred  for  4  h  to  yield  [M(PAr|)|CI|]. 
The  eolations  were  taken  to  dryness  and,  where  possible, 
recrystal  Used  from  ethanol-chloroform  (• :  4).  The  higher 
members  of  this  aeries  coaid  only  be  obtained  ae  viscowe  oils. 
These  were  par  lied  by  pouring  them  onto  a  column  of 
alumina  (Brockman  activity  I,  neutral)  and  eluting  with 
chioratorm-mefhanol  (3:4).  The  sotvuat  was  removed 
and  the  complex  heated  at  SO  *C  hi  ensue  for  11  h  to  removt 


90  spectrometer  (10-nun  phosphorus  probe.  30.4  MHs).  AU 
“P  chemical  shifts  were  measured  relative  to  trimethyl 
phosphate  at  an  external  standard.  *H  n.m.r.  spectra  wen 
recorded  in  CDC1,  solution  containing  SUh,  as  an  internal 
standard  using  a  Perkin-Elmer  R3t  spectrometer 

l.r.  spectra  were  recorded  in  the  range  4  000 — 300  cm'* 
using  Perkin-Elmer  spectrometers,  models  437  and  877. 
Solids  were  run  as  mulls,  using  Nujol  or  bexachlorobutadieoe 
as  th*  mulling  agent,  and  liquids  at  thin  films  using  potas¬ 
sium  bromide  plate*  for  th*  range  4  000—400  cm**  and  Csl 
plates  below  400  car*.  All  spectra  were  calibrated  with  a 
standard  polystyrene  film. 

RSSULTS  AND  DISCUSSION 

The  tri*{>-4lkylaryl)pho*phin**  were  prepared  by  tre¬ 
ating  phosphorus  trichloride  with  the  Grignard  reagent 
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derived  from  the  corresponding  p-bromoalkylbenaene. 
The  ^-bromoalkyibenzenes  are  not  commercially  avail¬ 
able  and  so  it  was  necessary  to  develop  a  satisfactory 
procedure  for  making  the  pore  ^era-isomer  in  good  yield. 
We 1  and  others  ’  have  noted  previously  that,  when  pre¬ 
paring  very  soluble  compounds  of  the  present  type,  it  is 
essential  to  use  very  pure  starting  materials  to  minimise 
the  amount  of  purification  needed  at  the  end.  This  is 
because  the  products  and  their  impurities  have  very 
similar  properties,  malting  separation  difficult. 

p-Halofsaoalkylbcnaenes  have  been  prepared  either  by 
reaction  of  chlorobsnscne  with  a  terminal  alkene  in  the 
pweance  of  concentrated  sulphuric  acid  *  or  chloroben- 
sene  with  an  alkyl  bromide  in  the  presence  of  aluminium 
tribromide  or  finely  divided  aluminium  *  However,  we 


the  pare- isomer  in  high  yield.  Reaction  of  an  alkyl 
Grignard  reagent  with  an  arytaldehyde  yields  a  secon¬ 
dary  alcohol,  which  is  then  dehydrated  to  the  alkenyl- 
benzene  and  hydrogenated  to  the  alkylbenseoe.*  The 
materials  used  in  this  preparation  are  all  readily  avail¬ 
able,  isomeric  mixtures  are  not  formed  and  the  final  pro¬ 
duct  is  therefore  easily  purified,  by  fractional  distil¬ 
lation.  The  best  yields  are  obtained  when  a  slight  excess 
of  the  Grignard  reagent  is  used..  p-Bromoptopyi- 
benzene  can  be  prepared  in  this  way  but  it  it  mote 
easily  prepared  as  described  in  the  Experimental  section. 

After  completion  of  this  work  our  attention  was  drawn 
to  the  synthetic  procedure  of  llanaseen  and  Dror,u 
baaed  upon  the  reaction  of  bromobensene  with  an  acyl 
chloride  in  the  preaence  of  aluminium  trichloride,  fol- 
1  4 


Phykol  properties,  spectroscopic,  and  analytical  data  for  [M( 


“P  N.m.r. 


fo 


R 

M 

•ppMimnoe 

M-P-CC) 

Klt-a)/cm-*'»/p.p.«. 

•/n-r/Hk 

c 

H 

Cl 

P 

CA 

Pd 

Yellow. 

a.  no 

140 

-LS.S 

SS.S  (M.S) 

4.4  (4.1) 

*.1(5.1) 

74(7.1) 

crystalline  solid 

(dscoap.) 

Pt 

Cnaa, 

sss 

MS.  UO 

-0.1 

3805 

MS  (S0.1) 

5.7  (6.7) 

7*0  (7.4) 

crystalline  solid 

(dscoap.) 

Pd 

Yellow, 

ise 

M0 

-ISO 

67.5  (67.9) 

65(7.0) 

7  *  (7.4) 

0.0(74) 

crystalline  solid 

(dsoomp.) 

zoos 

Pt 

Cnaa, 

crystalline  solid 

as 

MS.  ISO 

-0.* 

01.7  (01.1) 

0.1  (6.4) 

••  (•-•» 

5.0  (0.0 ) 

WC.H. 

IM 

Yellow. 

crystallise  aoHd 

144 

M0 

-18.7 

M.7  (00.4) 

7.8  (7.4) 

40(0.0) 

54(5.0) 

Pt 

Cnfiin, 

114— 1M 

M0,  SM 

-0.1 

ISM 

Ml  (41.0) 

0.0  (7.0) 

0.1  (S4) 

■4(5.6) 

crystalline  solid 

(decomp.) 

—  18,7 

wC,H„ 

Pd 

Yellow. 

crystalline  solid 

US 

M0 

70.0  (70.0) 

70(8.1) 

0.1(04) 

01  (*-•) 

Pt 

Yellow, 
hard  sax 

MS.  (M 

-04 

1SS4 

41.5  (55.4) 

7.1  (7.5) 

04(5.0) 

4.0(H) 

Pd 

Dark  sax 

MS 

-18.8 

M.O  (71.7) 
74.4  (74.1) 

SStt 

«W 

»^H.. 

Pd 

Dark  oil 

MS 

-184 

4.0  (4.5) 

>  Chemical  shift*  meeeered  relative  to  trimethyl  phosphate  as  external  standard.  AU  spectra  wen  recorded  la  CDCI* 


found  that  both  routaa  give  rise  to  mixtures  of  isomers 
that  are  very  difficult  to  separate  on  a  preparative  scale 
for  all  but  the  lower  alkyl  groups.  It  is  well  known  that 
the  halogenation  of  alkylbenzenes  proceeds  quite  rapidly 
under  varying  reaction  conditions.1*11  In  the  presence 
of  acid  catalysts  and  at  low  temperatures  halogenation  of 
the  aromatic  ring  occurs,  but  again  a  mixture  of  ortho- 
and  ^are-isomers  is  formed.  It  has  been  shown  that 
silver  trifinoroacetate  catalyses  the  reaction  between 
iodine  and  both  benzene  and  toluene  to  form  iodo- 
benzene  and  ^-iodotoluene  respectively.11  We  have 
extended  this  reaction  to  the  iodination  of  heptylbenzene 
and  have  formed  the  pers-substituted  product  ex¬ 
clusively.  However  the  yield  is  low  and  a  large  excess  of 
alkyl  benzene  must  be  present  in  the  system,  which 
presents  difficulties  in  the  separation  of  the  product  from 
the  reaction  mixture. 

Although  all  the  above  procedures  are  simple  one-step 
proceeese  they  each  have  obvious  disadvantages.  The 
difficulties  in  separating  the  pere-isomer,  together  with 
the  low  yields  which  are  often  obtained,  render  these 
processes  unsuitable  for  large-scale  procedures.  Accord¬ 
ingly,  it  was  decided  to  use  s  three-stage  synthesis  to  pre¬ 
pare  the  ^-ha  Inyrnoa  fkyibenasnes  which  gave  solely 


lowed  by  a  Wolff- Kischner  reduction  of  the  acyl  group  to 
an  alkyl  group  using  alkaline  hydrazine.  The  product  is 
claimed  to  be  solely  the  pers-isoroer  with  no  erthe-con- 
taminant.  However,  although  the  overall  yield  is  not 
given,  the  original  discoverers  “  report  that  the  acylation 
step  yields  only  S0%  of  the  desired  product  together  with 
S8%  of  PhCOR.  By  contrast,  overall  yields  in  the 
present  synthesis  of  p-bromoalkylbenzenes  am  46—60% 
(Table  3). 

CkaracUriudvm  of  tin  Tru{p-*ihyUryl)}ltoi}kinM. — 
Good  microanalyses  were  obtained  lor  the  lower  msanhm 
of  the  series;  however,  the  high  members  could  not  be 
distilled  without  decomposition,  and  therefore  the  waxy 
state  of  these  phosphines  coupled  with  the  Increased 
sensitivity  to  oxygen  when  compared  with  triphenyl- 
phoephins  rendered  purification  and  characterisation 
difficult.  Accordingly  a  complete  characterisation  of  the 
whole  series  depended  on  a  combination  of  physical 
techniques,  as  well  as  characterisation  of  derivatives 
including  the  phqqphine  oxides  (Table  S)  and  the  Mt- 
(phosphine)dichloro-paUadium(n)  and  platinam(n)  com¬ 
plexes  (Tabled).  The  mass  spectra  showed  the  presence 
of  the  expected  molecular  ions  (Tabls  I). 

The  i.r.  spectra  (4  000 — S00  cm'1)  showed  the  abesnos 
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of  bands  attributable  to  P=0  or  P-0  stretching  inodes, 
indicating  the  absence  of  significant  amounts  of  oxidation 
products.  The  spectra  were  very  similar  to  those  of  the 
pant'bromoalkylbenzenes  from  which  they  were  pre¬ 
pared.  No  bands  assignable  to  P-C  stretching  modes 
were  observed,  which  is  in  agreement  with  their  absence 
in  the  spectra  of  trialkylphosphines  characterised 
previously.1-1*'1* 

The  relative  intensities  of  the  signals  in  the  lH  n.m.r. 
spectra  (Table  6)  were  consistent  with  the  proposed 
number  of  protons  in  each  molecule.  The  “P  n.m.r. 
spectra  in  deuteriochloroform  (Table  1)  showed  a  single 
resonance  ca.  + 10.66  p.p.m.  up-field  from  trimethyl- 
phosphate  (ca.  6.4  p.p.m.  upfield  from  88%  H,POt)  which 
is  consistent  with  the  values  reported  previously  for 
other  tertiary  aromatic  phosphines.17'1*  In  addition  the 

Table  S 

>H  N.m.r.  chemical  shifts  •  for  the  triarylphosphines 
CH,  not  CH,  adjacent 


adjacent  to 

to  the 

aromatic 

aromatic 

Aromatic 

Phosp.  ino 

Me 

ring 

ring 

protons 

P(p.c,  11,-0,11,), 

1.20 

1.00 

7*0 

0.85 

1.65 

1.00 

7.20 

Pip-C.H.-C.H,), 

on 

1  50 

1.00 

7  20 

P(/>-C,H.-C1Hu)1 

0.88 

1  28 

2.00 

7  20 

P(p-CcHA— C^HuJi 

0.88 

1.87 

too 

7.20 

P(/.-C,H,— C,H„), 

0.88 

1.27 

1.00 

7.20 

P(p-C,H4-CtH„), 

0.88 

1.27 

1.00 

7  20 

088 

1.27 

1.00 

7.20 

•  All  spectra  recorded 

in  CDCI,  using  SiMe, 

aa  internal 

standard. 


single  phosphorus  resonance  provided  further  evidence 
oi  purity.  Upon  oxidation  to  the  phosphine  oxide, 
O  -Plp-C^HjR),,  the  chemical  shift  moves  down-field  by 
ca.  37  p.p.m.  (Table  2),  which  is  consistent  with  results 
observed  with  other  triaryl-  and  trialkyi-phosphines.1-  “■** 

Properties  of  the  Tris( p  MyUryt)pho*phinet. — The 
triarylphosphines  were  either  crystalline  solids  or  viscous 
oils  that  were  extremely  soluble  in  hexane  and  chlorinated 
solvents  such  as  dichloromethane,  chloroform,  and  carbon 
tetrachloride,  and  moderately  soluble  in  tetrahydro- 
furan,  diethyl  ether,  and  aromatic  solvents  such  as 
benzene  and  toluene.  The  lower  members  of  the  series 
were  found  to  be  soluble  in  ethanol  but  this  ability  de¬ 
creased  as  the  length  of  the  alkyl  group  on  the  phenyl 
rings  increased.  The  higher  members  of  the  series  are 
insoluble  in  cold  ethanol,  methanol,  and  other  polar 
solvents.  The  corresponding  phosphine  oxides  were  also 
found  to  have  similar  physical  properties  and  solubility 
characteristics. 

These  new  phosphines  were  found  to  be  sensitive  to 
oxygen  both  as  solids  or  oils,  and  in  solution,  whereas 
triphenyl  phosphine  has  been  shown  to  be  stable  towards 
oxidation  as  a  solid  and  in  solution,  and  in  fact  has  been 
used  as  an  oxidation  inhibitor  in  solutions  of  other 
oxygen-sensitive  phosphines.1*  Unlike  trialkylphos¬ 
phines,  which  yield  a  mixture  of  products  on  oxidation  in 
air  (auto-oxidation),1*1*  theae  new  triarytphoaphines 
appear  to  give  exclusively  the  phosphine  oxide.  The 
oxidation  properties  were  studied  using  "P  n.m.r. 
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spectroscopy.  Tri(p-ethyiphenyl)pbosplune  was  allowed 
to  stand  in  air  for  several  days,  after  which  significant 
amounts  of  the  phosphine  oxide  could  be  detected  ca.  36 
p.p.m.  downfield  from  the  parent  phosphine.  Only  two 
peaks  were  observed  in  the  spectra.  Similar  results  were 
found  using  tris(p-propylphenyl)phosphine.  The  sensi¬ 
tivity  of  the  para-substituted  triarylphosphines  towards 
oxidation  appeared  to  increase  as  the  alkyl  chain  on  the 
phenyl  ring  increased  in  length.  This  may  be  due  to  an 
increase  in  the  aliphatic  character  of  the  phosphine, 
which  results  from  changes  in  the  stereochemistry  of  the 
molecule  due  to  the  presence  of  the  long  alkyl  chains. 
Electronic  factors  may  be  ruled  out  because  the  ethyl  and 
nonyl  groups  should  not  differ  appreciably  in  their 
electron-donor  properties  at  the  phosphorus  atom. 

Pailadium(ll)  and  Platinum(ii)  Complexes.— The  tris- 
(p-alkylaryl)  phosphines  were  found  to  readily  displace 
co-ordinated  dienes  and  other  weak  donor-ligands  from 
complexes  of  palladium  and  platinum  to  yield  bis(phos- 
phinejdichloro-complexes.  I.r.  and  **P  n.m.r.  spectro¬ 
scopy  indicate  that  the  palladium  complexes  have  the 
/rout -configuration  whereas  the  platinum(n)  complexes 
are  cis  (Table  4).**  It  is  noteworthy  that  in  each  series 
the  melting  or  decomposition  points  decrease  as  the  alkyl 
group  increases  in  length;  this  is  immediately  apparent 
from  the  physical  appearance  of  the  complexes,  those  with 
longer  alkyl  chains  being  waxy  solids  whereas  those  with 
shorter  alkyl  chains  are  crystalline.  Clearly  as  the  alkyl 
chain  gets  longer  it  becomes  more  difficult  to  pack  tl  * 
molecules  into  a  crystal. 

We  thank  Dn.  W.  P.  Griffith.  D.  J.  A.  McCaffrey,  and 
S.  G.  Murray  for  valuable  discussions.  Lady  Richards  for 
help  in  recording  the  “P  n.m.r.  spectra.  Professors  Sir  Ewart 
Jones  and  J.  E.  Baldwin  for  allowing  us  to  use  the  *'P  n.m.r. 
spectrometer  at  the  Dyson  Perrins  Laboratory  in  Oxford, 
and  Dr.  G.  Marshall  at  the  Materials  Quality  Assurance 
Directorate,  Woolwich,  lor  recording  the  mam  spectra. 
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T riarylphosphines  are  good  ligands  for  transition  met¬ 
als,  and  triarylphosphine  oxides  for  lanthanide  and 
actinide  elements.  We  have  recently  described  the 
preparation  and  complexes  of  a  series  of  tris(p- 
alkylaryl)phosphines  which  were  synthesized  in  order 
to  prepare  metal  complexes  with  rather  different  solu¬ 
bility  properties  to  triphenylphoaphine  complexes.1'2 
In  the  course  of  characterizing  the  new  phosphines 
their  mass  spectra  were  found  to  show  significant 
differences  from  the  mass  spectrum  of  triphenyi- 
phosphine.  These  differences  are  described  in  the  pre¬ 
sent  paper.  A  detailed  examination  of  the  correspond¬ 
ing  phosphine  oxides  is  also  included  because,  with  the 
exception  of  triphenylphoaphine  oxide  itself,  these  ox¬ 
ides  have  not  been  investigated  by  mass  spectrometry. 

Extensive  mass  spectral  studies  of  triphenyl- 
phosphine  and  its  oxide  have  been  carried  out  previ¬ 
ously.2  Studies  with  deuterated  analogues  of  triphenyl- 
phosphine  revealed  that  scrambling  on  the  ring  sites 
does  not  occur.  Cydization  can  occur  to  give 
heterocyclic  ions  through  the  lots  of  a  hydrogen  atom 
ortho  to  the  phosphorus  atom.  The  effect  of  a  methyl 
substituent  on  the  aromatic  ring  of  triphenytphotphine 
has  been  investigated.4  The  mass  spectrum  of  the  para 
derivative  shows  many  of  the  features  of  triphenyi- 
phosphine  itself  in  the  formation  of  heterocyclic  ions. 
The  mass  spectrum  of  tris(p-chk>rophenyl)pho*phinc 
has  been  examined  by  other  workers  but  no  spectral 
assignments  are  published.5 

The  compounds  under  investigation  in  this  work  can 
be  represented  by  structures  i  and  2  tor  the  phos¬ 
phines  and  phosphine  oxides  respectively,  where  X  = 
H,  Q,  CH„  CjHs,  n-CjHy,  n-C7H,j,  n-C*H„  and 
OCR,.  Initial  studies  at  medium  resolution  for  X  -  Cl 
and  C*H,  coupled  with  the  results  outlined  above  for 
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X  =  H  and  CH,  suggest  that  common  fragmentation 
pathways  exist  for  both  sets  of  compounds.  The  pres¬ 
ence  of  the  related  ions  can  also  be  inferred  from  the 
low  resolution  studies  of  the  remaining  compounds. 

The  general  structures  of  ions  obtained  with  the 
phosphines  are  shown  in  Table  1.  The  normalized 
intensities  of  each  set  of  ions  are  also  shown.  The  most 
notable  feature  is  that  the  base  peak  is  the  molecular 
ion  [Ml4'  in  all  cases  except  when  X  =  H.  Both 
electron -withdrawing  substituents  (X-Cl)  and 
electron-donating  substituents  (X*  alkyl  or  OCH,t 
give  [M]4'  as  the  base  peak,  suggesting  that  the  elec¬ 
tron  densities  on  the  phosphorus  atoms  arc  similar  in 
both  cases.  The  5,P  nuclear  magnetic  resonance 
(NMR)  chemical  shifts  of  these  compounds  are  all 
similar  in  agreement  with  this  deduction.'  The 
anomalous  behaviour  observed  in  the  phosphine  series 
when  X  =>  H  is  not  observed  with  the  phosphine  ox¬ 
ides.  For  the  alkyl  substituents  X»CjH,  to  n-C,H,» 
the  length  of  the  substituent  alkyl  chain  has  little  effect 
on  the  distribution  of  the  ions  in  Table  1. 

A  similar  treatment  for  the  phosphine  oxides  in 
terms  of  general  ion  structures  is  shown  in  Table  2. 
With  the  exception  of  h-C^H,,  the  base  peak  involves 
the  loss  of  a  hydrogen  radical  from  the  molecular  ion 
[M-H]4-  Care  must  be  taken  to  account  for  the 
isotopic  contribution  of  [M  -  H]4  to  [M]4’-  The  loss  of  a 
single  substituent  group  from  the  molecular  ion  [M- 
X]4  is  more  favourable  for  the  phosphine  oxides  than 
for  the  corresponding  phosphines.  This  suggests  a  weak¬ 
ening  of  the  X-aryl  bond  in  the  (ormeT.  which  may  be 
due  to  the  lower  resonance  stabilization  of  the  aromatic 
ring  coupled  to  phosphorus(V).  However,  2,P  NMR 
studies  suggest  that  the  X-substituent  does  not  affect 
the  electron  density  on  the  phosphorus  atom  to  any 
degree.'  Some  of  the  ions  in  Table  2  are  also  seen  in 
the  phosphines  themselves.  Thus,  the  oxygen  atom 
may  be  undergoing  new  bond  formation  with  the 
aromatic  rings  to  produce  some  of  these  ions. 

The  accurate  masses  of  some  of  the  ions  in  the 
spectrum  of  trisl p -chlorophenyl Iphosphine  oxide  are 
of  interest.  A  strong  peak  at  m/z  170  is  observed 


CCC-OOXM9SX/81/OO1MK72S01 

Ik. 


Iff  ORGANIC  MAM  MICTROMCTRV,  VOL  NO,  l  Wt 


©Hevden  A  Son  Ltd.  1981 


MASS  SPECTRA  OP  SOME  nUAEYLHWMHDNES  AND  TMAftYLPHOSPHINE  OXIDES 
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which  ihowi  no  chlorine  isotope  peeks  at  low  resolu¬ 
tion.  The  accurate  mast  of  this  ion  suggests  C,,H7P  to 
he  the  elemental  composition.  Two  possible  structures 
are  a  and  b.  The  origin  of  this  ion  is  undear,  although 
its  formation  is  thought  to  involve  the  oxygen  atom  of 
the  starting  molecular  ion  since  it  is  not  seen  in  the 
spectrum  of  the  corresponding  phosphine.  Accurate 
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mam  studies  on  (p-CjHjQH^hP  show  evidence  of 
reactions  occurring  at  the  rirtrrhain.  The  ions  c,  d  and 
e  at  mlt  225,  224  and  149  respectively  show  how 
sidechain  reactions  may  produce  heterocyclic  ions. 


CQO-^  CCO^ 

c,  mil  225  4  m/2  224 

CO 

4  m/i  149 


Triphenylphoeptiine,  triphenytphoephine  oxide  (Al¬ 
drich  Chemical  Co  Ltd),  tri(p-to(yl)phosphine  and  tri- 
(p-methoxyphenyOphosphme  (Kodak  Ltd)  were  ex¬ 
amined  as  supplied.  A  range  of  triaryiphosphines  (p- 
XQH^P,  where  X-CI,  C,H„  n-C,H,,  n-C,H„  and 
n-€*H|»,  were  synthesized  by  a  Grignard  method  at 
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described  previously.'  The  oxides  (p-XC*H*)^—0, 
where  X  *  C3H3,  s-CjHf.  s«CtHu  Md  were 

prepared  by  oxidation  at  the  oorreapooriing  phntphinr 
in  acetone  using  6%  w/v  hydrogen  peroxide.1  The 
oxides  with  X -Cl,  OCH,  and  CH,  were  also  prepared 
in  this  fashion:  their  "P  NMR  chemical  shifts  were 
22.7,  24.9  and  25.9  ppm  downAeld  from  trimethyl- 
phosphate  respectively. 

Low  resolution  mass  spectra  (M/A A#  - 1000)  were 
recorded  using  either  a  Perkin-Elmer-Hitschi  RMU7 
M  mass  spectrometer  or  a  VG  Micromast  305F  mass 
spectrometer,  operating  at  70  eV  with  an  ion  source 
temperature  of  250  *C.  The  accelerating  voltages  were 
3.2  and  4.0  kV  respectively.  The  data  were  collected 
using  a  VG  2035  data  system.  Observed  -  re  testable 


were  within  ±0.2  u  of  the  calculated  values 


Medium  resolution  mass  spectra  (M/AM -7500) 
were  recorded  using  a  Kratos  MS  50  mass  spectrome¬ 
ter  operating  at  70  eV;  the  data  were  collected  using  a 
Kratos  DS  50  data  system. 

"P  NMR  spectra  were  recorded  in  deuteto- 
chloroform  solution  using  a  JEOL  FX  900  NMR 
spectrometer  operating  at  36.2  MHz. 


The  authors  would  like  to  thank  Mr  D.  Johmton  tor  running  the 
medium  resolution  max  spectra.  Financial  assistance  by  the  Euro¬ 
pean  OSce  at  the  US  Army  under  the  auspices  of  grant  DAERO- 
79-G-0033  is  gratefully  acfcnowiedged 
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Ths  Preparation  and  Characterisation  ot  Transition 
Metal  Complexes  of  Long  Alkyl  Chain  Tertiary  Phosphlnss 

The  long  alkyl  chain  tertiary  phoaphlnea  hare  been  used  to  prepare  a  aeriea 
of  platinum,  palladium  and  rhodium  complexea,  full  detail*  of  which  are  given  In 
reference  1.  A  aunmary  given  In  reference  2,  was  reported  at  the  Chemical  Systems 
Laboratory  Conference  in  November  1982.  All  the  complexes  as  expected  are  very 
soluble  in  non-polar  solvents.  Accordingly  their  purification  Is  not  easy. 
Preparative  routes  have  therefore  been  developed  that  minimise  by-product  formation 
or  give  by-products  that  are  readily  separated  from  the  complexea. 

As  part  of  the  work  described  in  Chapter  B  it  was  desirable  to  use  traaa- 
(Rhl (CO) CPATj)^ ,  where  Ar  ■  aryl.  An  attempt  to  prepare  this  from  the  well 
characterised,  stable  chlore-complex  trans- fshCl  (CO)  (PAr^l  by  halide  metathesis 
quickly  showed  that  the  iodo-complex  Is  less  stable  than  its  chi oro- analogue. 

A  detailed  investigation  of  the  preparation,  characterisation  and  study  of 
the  behaviour  In  solution  of  £*hl (CO) (PAtg) J  Is  described  In  reference  3. 
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Complexes  of  Long  Alkyl  Chain  Tertiary  Phosphines. 

Part  I.  The  Preparation  and  Characterisation  of  Platinum  Metal  Complexes  of 
Long-Chain  Tertiary  Phosphine  Ligands 
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The  tong  chain  tertiary  phosphine  ligands  (PfGc 
ll7„,,h  and  have  been  used  to  pre¬ 

pare  the  following  series  of  platinum,  palladium  and 
rhodium  complexes:  cis-f/Yi  jC/j] ,  trini-(/WIjttj] , 
ums-lPtl^HCl]  (l.  *  trialkylphoiphine  only), 
| PtL,)  and  Iran t  lRhL,CI/COJ}.  The  complexes  art 
very  soluble  in  chlorinated  solvents  and  both  aliphatic 
and  aromatic  hydrocarbons  as  well  as  tetrahydro- 
furan,  but  either  insoluble  or  only  slightly  soluble  in 
Itolar  solvents  such  as  alcohols,  acetone  and  diethyl- 
ether.  Many  of  the  complexes  are  crystalline  solids 
whose  purification  merely  requires  care;  however  a 
number  are  waxes  or  oils  and  both  the  preparative 
routes  used  and  the  work  up  procedures  for  these 
must  be  chosen  with  extreme  care.  In  addition  to 
the  monomeric  Irani-  [/V/.JC7,|  complexes  trialky l- 
phosphincs  yiekl  dark  coloured  palladium///) 
products  that  are  believed  to  be  a  mixture  of  several 
isomers  of  the  ortho -met allot cd  chloride  bridged 
dimers  {PJ{P(Cnftin.l)lQ,H7H)aU  »hkh  differ  in 
the  sizes  of  their  Pd-P-C  rings  together  with  some 
unmetallated  chloride  bridged  dimer  [Pd{P(CH- 

AJCT,!,. 


Introduction 

We  have  recently  described  the  preparation  of  two 
scries  of  tertiary  phosphines,  trialkylphosphines, 
where  n  *  10-19  inclusive  (I)  and  tris- 
(fi-alkylaryl)phosphines  P(C»H<CmHjm.n)j  where  m 
-2  -9  inclusive  (2| .  Herein  we  describe  the  prepara¬ 
tion  of  a  number  of  complexes  of  those  phosphines 
with  platinum,  palladium  and  rhodium.  These  com¬ 
plexes  were  prepared  because  it  was  anticipated  that 
they  would  have  unusual  solubilities,  in  particular 
very  high  solubilities  in  hydrocarbon  solvents.  Com¬ 
plexes  with  unusual  solubilities  are  of  interest  for  a 
number  of  reasons: 
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1 .  Solvents  play  an  important  part  in  the  mecha¬ 
nism  of  chemical  reactions  in  solution.  Hence  it  was 
of  interns!  to  prepare  complexes  with  very  high  solu¬ 
bilities  in  non-potar  solvents  to  see  in  what  way  the 
catalytic  ability  of  these  complexes  differed  from 
their  less  soluble  homologues. 

2.  There  has  been  increasing  interest  in  recent 
years  in  the  possibility  of  activating  alkanes  to  chem¬ 
ical  reaction  through  coordination  to  transition 
metals  |3].  Since  alkanes  are  extremely  unreactive 
and  less  reactive  than  virtually  all  other  organic  com¬ 
pounds  it  seemed  profitable  to  prepare  potential 
catalyst  precursors  that  would  be  freely  soluble  in 
alkanes  without  the  need  for  the  presence  of  a 
further,  more  reactive  organic  compound. 

3.  Complexes  with  high  solubilities  in  hydrocarbon 
solvents  may  be  of  value  in  the  solvent  extraction  of 
metals,  as  stationary  phases  in  gas  chromatography, 
as  additives  in  organic  materials  such  as  plastics  and 
paints  where,  for  example,  they  may  prevent  fouling 
of  ships'  bottoms  by  prevention  of  algae  and 
barnacle  growth. 


Experimental 

Materials 

[Pt(C0D)Cl,|  [4J  [Pd(COD)CI,l  (5J  and  |Pt- 
(COD)j|  [6,  7J  were  prepared  by  standard  proce¬ 
dures.  The  method  of  Clark  [4J  was  preferred  for  the 
platinum(ll)  complex  beesuse  it  is  easier  and  gives 
a  whiter  product.  However  the  platinum(ll) complex 
prepared  according  to  reference  S  gave  excellent 
mlcroanalytical  data.  [RhjCljfCO)*]  was  prepared 
as  followsT:  Rhodium  trichloride  tri-hydrate  was 
spread  evenly  along  a  narrow  ceramic  boat.  The  salt 
was  then  moistened  with  a  few  drops  of  distilled 


*Thi»  experimental  procedure  was  devised  by  l>r.  D.  I  A. 
McCaffrey  in  our  laboratories.  Il  is  a  Modification  and 
improvement  of  that  in  reference  X. 
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water.  (This  preparation  has  been  found  not  to  pro¬ 
ceed  using  the  dry  salt).  The  boat  was  then  placed  in 
a  heated  glass  tube  which  was  surrounded  by  a  mix¬ 
ture  of  refluxing  toluene  and  xylene  such  that  the 
temperature  was  kept  at  approximately  12S  "t. 
Carbon  monoxide  was  passed  over  the  heated  moist 
RhC1}*3H}0  at  such  a  rate  as  to  cause  sublimation 
of  the  final  product  to  the  end  of  the  glass  tube.  Care 
must  be  taken  to  avoid  ‘blowing'  the  product  out  of 
the  end  of  the  tube  which  is  protected  by  an  oil 
bubbler.  The  whole  apparatus  was  well  lagged  with 
cotton  wool,  a)  to  help  the  reflux  of  the  solvent  sys¬ 
tem,  and  b)  to  cause  condensation  of  the  water 
further  along  the  glass  tube  than  the  product.  After  a 
reaction  time  of  24  hours  the  apparatus  was  carefully 
dismantled  and  any  excess  moisture  was  wiped  from 
the  end  of  the  tube.  The  product  does  not  require 
further  purification.  Yield  60%. 


cis- [/>//.,  a,] 

Solutions  of  two  equivalents  of  tertiary  phosphine 
and  one  equivalent  of  [Pl(COD)CI,|  in  chloroform 
were  reacted  under  nitrogen  for  two  hours  at  room 
temperature.  In  the  case  of  the  triarylphosphines 
the  solutions  were  evaporated  to  dryness  and  where 
possible  recrystallised  from  a  mixture  (60:40)  of 
ethanol  and  chloroform.  The  higher  members  of  the 
series  could  only  be  obtained  as  either  waxes  or 
viscous  oils.  These  were  purified  chromatographically 
on  alumina  (Brockman  activity  I,  neutral)  eluting 
with  a  60:40  mixture  of  chloroform  and  methanol. 
The  solvent  was  removed  and  the  product  dried  at 
50t  in  vacuo  overnight.  In  the  case  of  the  trialkyl- 
phosphines  the  products,  where  possible,  were  preci¬ 
pitated  from  solution  by  the  addition  of  an  equal 
volume  of  methanol.  The  trioctylphosphine  complex 
wu  purified  by  column  chromatography  to  yield  a 
yellow  wax.  Physical,  spectroscopic  and  analytical 
data  are  given  in  Tables  I  and  II. 


trans-[/W.jC7]] 

The  pa!!adium(ll)  complexes  were  synthesised  by 
an  identical  route  to  that  used  for  the  platinum(II) 
complexes.  In  general  the  former  were  lets  crystalline 
and  therefore  more  difficult  to  purify.  With  the 
longer  chain  trialkylphosphines  column  chromato- 
graphy  was  used  to  separate  a  dark  red  waxy  material 
from  the  pale  yellow  to  pale  brown  (PdLsO]]. 
The  proportion  of  the  dark  red  waxy  material  increas¬ 
ed  with  increasing  phosphine  alkyl  chain  length  to 
the  extent  that  virtually  no  [PdL,C1j|  was  formed 
with  phosphines  that  have  fifteen  or  more  carbon 
atoms  in  their  chains.  Physical  spectroscopic  and 
analytical  data  for  |PdL,CI,)  are  given  in  Tables  Ilf 
and  V  and  for  the  dark  red  waxy  materials  in  Table 
IV. 


t  rans-  [Pt( PR , ),//("/] 

7>anj-[Pt(PRj)jllCl]  R  =  alkyl  were  prepared  by 
hydrazine  hydrate  reduction  of  the  corresponding 
c/'s-  [Pt(PRj),Gjl  in  a  solution  of  chloroform  and 
ethanol,  the  chloroform  being  necessary  because  of 
insufficient  solubility  in  ethanol  alone  (0) .  Physical, 
spectroscopic  and  analytical  data  arc  given  in  Table 
VI. 

I™w) 

A  solution  of  the  triaryl-  or  trialkyl-phosphine 
(4  mmol)  and  [Pt(fOD)j]  (I  mmol)  was  stirred  in 
dry  hexane  under  nitrogen  for  two  hours  before 
evaporation  to  dryness  [10).  The  products  were 
further  dried  in  vacuo  for  24  hours  at  room  tempera¬ 
ture.  Physical,  spectroscopic  and  analytical  data  are 
given  in  Table  VII. 

t  rans-  [RhLiCif  COI] 

7>anj-[RhLjCl(CO)]  complexes  were  prepared 
from  [Rh1Clj(CO),]  following  the  literature 
preparation  [11]  but  using  the  minimum  volume  of 
chloroform  possible.  The  complexes,  wltere  crystal¬ 
line,  were  recrystallised  from  ethanol  chloroform 
mixtures.  Physical,  spectroscopic  and  analytical  data 
are  given  in  Tables  VIII  and  IX. 

Halide  Metathexs 

A  number  of  bromide  and  iodide  complexes  are 
reported  In  Tables  I,  II,  V  and  IX.  These  were 
prepared  by  treating  the  chloride  complexes  with 
excess  lithium  bromide  or  sodium  iodide  in  acetone. 


Kinetics  of  the  Dissociation  of  [Ptf^]  in  Solution 
A  4  X  ICT*  mol  !~*  solution  of  [Ptl„|  in  benzene 
was  prepared  under  nitrogen.  The  absorbance  at  358 
nm  was  recorded  as  a  function  of  time  at  25.0  V. 
When  n  *  4,  plots  of  log  (At  -  A_)  against  time, 
where  A,  and  A.  are  the  absorbances  at  time  t  and 
at  equilibrium,  showed  two  distinct  regions  for  which 
apparent  rate  constants  kob*  and  k'"*”  can  be 
evaluated  (Fig.  1).  For  [Pt(PPh,),J  only  a  single 
straight  Une  plot  was  obtained.  The  two  regions 
observed  for  the  tetrakis  complexes  were  therefore 
ascribed  to  sequential  loss  of  a  phosphine  (reaction  I ). 


-L,k,  -L.k, 

ptL,  pil,  ■'•PtLi 

+£.,  k_i  *L,  k_j 


The  first  stage  involves  a  first  order  reaction  opposed 
by  a  second  order  reaction  (2). 


1  PtL,  +  L 


for  which  the  integialed  rate  equation  is  1 1 2 1 : 
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Low  Chain  Tertiary  fhoiphine  Complexet 


Pig.  1.  The  dissociation  of  a  4  X  1CT*  mol  solution  of 
( )]}4 1  in  benzene  at  23  X.  (a)  Mot  of  absorb¬ 
ance  against  time,  (b)  Hot  of  2.303  log(At  -  A.)  against 
lime. 


where  C„,  C,  and  C  are  the  concentrations  of  (PtUl 
initially,  at  equilibrium  and  at  time  t  and  (C0  -  C)  is 
the  concentration  of  both  PlLj  and  L  at  time  t.  Since 
for  L*  PPhJlli1/k_,  >  iOmoir1  (13},  then  for  Cc  = 
4  X  10"*  mol  P',  C,  is  essentially  zero.  Equation  3 
therefore  reduces  to 

ln(C0/C)«kft  (4) 

which  was  used  to  evaluate  k*b*  by  noting  that  C  * 
A/e  1  and  C„  ■  Ao/el  where  t  it  the  molar  absorbance 
and  I  the  cell  length. 

For  the  second  stage  of  the  reaction  with  the 
tetrakis  complexes,  the  starting  solution  effectively 
contains  one  equivalent  of  |PtL}]  and  one  equivalent 
of  free  L  (reaction  S) 

PtLi  ♦  L  ;===i  PtLj  ♦  2L  (S) 
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for  which  the  integrated  rate  equation  (see  Appendix) 
is: 


|N/(B,Ci,  +  6BC'0+  l)| 

i-V(l  +  6BCi  +  B'c;1)  +  C*  -  (1  ♦  3BC„)/2B 
2d 

In  - - - 

—  7(1  +  6BC;  +  BJC)  -  (f  +  0  +  3BO/2B 

2d 

=  Bk?*i  +  const.  (6) 

whete 

B  =  (C^/(Ci-C'.X2C;-C'.)  (7) 

in  which  Cj,,  Cj  and  C'  are  the  concentrations  of 
[PtL]}  initially,  at  equilibrium  and  at  time  t.  kf” 
values  were  determined  from  equation  6,  by  noting 
that  C'0  *  Aje'\  and  Ci  *  A/e'l  and  taking  the  value 
of  A„  for  this  second  stage  by  extrapolation  of  the 
second  stage  of  the  plot  in  Fig,.  1  back  to  zero  time 
(point  a).  Values  of  koh*,  k'  ,  k"*1*  and  kj1”  are 
summarised  in  Table  X. 


Measurements 

Microanalyticai  data  were  determined  in  the 
Chemistry  Department  at  University  College, 
London,  'll  nmr  spectra  were  recorded  in  CDCIj 
solution  containing  TMS  as  an  internal  standard  using 
a  Perkin-Elmer  R32  spectrometer.  S,P  nmr  spectra 
were  recorded  in  CDCI,  solution  using  a  Brucker 
WH90  spectrometer;  TMS  was  used  as  an  internal 
standard  for  the  former,  trimethylphosphate  (TMP), 
which  lies  4.242  ppm  downfield  from  85%  HjPO, 
114} ,  was  used  as  an  external  standard  for  the  latter. 
,JC  nmr  spectra  were  recorded  by  the  Physical  Chem¬ 
istry  Measurements  Unit  at  Harwell  in  CDCIj  using 
TMS  as  an  internal  standard. 

Infrared  spectra  were  recorded  as  nujol  and  hexa- 
chlorobutadiene  mulls  in  the  range  4000-200  cm~' 
using  a  Perkin-Elmer  model  577  spectrometer 
calibrated  with  a  standard  polystyrene  Film.  U/v- 
visible  spectra  were  recorded  on  a  Unicam  SP  1700B 
Spectrophotometer  in  I  cm  cells  mounted  in  a  water- 
jacketted  cell-housing  fed  by  a  Tcchnc  Cl 00 
circulating  bath  coupled  to  a  Techne  1000  refrigera¬ 
tion  unit. 


Results  and  Discussion 

All  the  complexes  prepared  in  this  work  have  very 
similar  solubility  properties  both  to  each  other  and 
to  the  starting  pliosphincs.  Thus  they  are  very  soluble 
in  chlorinated  solvents,  aliphatic  hydrocarbons  such 
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TABLE  I.  Physical,  Spectroscopic  mi  Analytical  Data  for  {Pt{lTC^H,11,i),}JXjj. 
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Pig.  2.  The  effect  of  chain  length  on  the  melting  point  of 

ci»-|Pt{l><cnn11,M>,}1n,). 


as  hexane,  cyclohexane  and  petroleum  ether, 
benzene,  toluene  and  tetrahydrofuran  and  slightly 
soluble  in  acetone.  The  trialkylphosphine  complexes 
did  not  dissolve  in  polar  solvents  such  as  ethanol, 
methanol  and  diethylether,  but  the  triarylphosphine 
complexes  were  slightly  soluble  in  these  solvents 
when  the  para- alkyl  group  was  small  hut  decreased 
in  solubility  as  it  increased  in  size.  All  the  complexes 
were  relatively  low  melting  solids,  waxes  or  oils.  This 
coupled  with  their  extreme  solubility  properties  made 
purification  difficult.  Accordingly,  sinre  for  each 
scries  of  complexes  a  wide  range  of  preparative  roulcs 
hive  been  described  in  the  literature,  the  methods 
used  were  those  involving  the  least  amount  of 
purification  (reactions  ft- II).  In  reactions  K  and  '>  the 
only  by-product  is 


[M(C0D)C1,]  ♦  2PR, 


(M  -  Pd,  Pt; 

R  *  alkyl  or  aryl) 


[M(PRj)gCI})  +  COD 


[Pl(COD)j)  +  4PR, 


(R  -  aryl) 

(Pi(PRJ)«l  +2COD 


(Rh,CI,(C0),]  MPR,- 


*  ‘  ‘  (R  •  alkyl  or  aryl) 

:/»WM-(Rh(PR,),n(CO)|  +  2C0  (10) 

.  ,  Eton /OKI, 

[Pt(PRi)aCII|  ♦  2N;II4 

frBHj-[Pt(PRj)jllCI]  ♦  NMaCl  ♦  tNj  +NII,  (111 


cyclooctadiene  (COD)  which  is  sufficiently  volatile 
to  be  removed  by  pumping  In  main.  In  reaction  1 1 
the  oxidation  products  of  hydrazine  are  nitrogen 
which  is  obviously  volatile,  ammonia  and  ammonium 
chloride  which  are  exlracled  into  aqueous  hydro¬ 
chloric  acid. 
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(.s|ft{/YC.//,11+lA>lJrd 

r/j-|Pt{P(CnHitl,l)j},a,|  were  prepared  by  reac- 
lion  8.  Microanalytical  results  (Table  1)  were  good 
except  for  the  waxy  material  which  could  not  be 
rcciystallised  but  was  purified  by  column  chromato¬ 
graphy.  The  melting-points  initially  decrease  sharply 
as  n  increases,  reaching  a  minimum  at  about  n  =  8; 
thereafter  there  is  a  slight  increase  in  melting-point 
with  increase  in  chain  length  (Fig.  2).  A  crs-configuta- 
tion  was  suggested  by  the  infrared  spectra  (fpt-ci  = 
305  and  283  cm'1,  cf.  c«-{Pt(PEtj)jCl,]  303  and 
281  cm'1)  1 1 5} .  The  complexes  do  not  isomcrise 
on  heating,  instead  they  decompose.  31 P  nmr  spectra 
involve  a  triplet  with  ,95Pt-3,P  coupling  constants 
between  3513  and  3518  Hz  (X  =  Cl)  which  is  typical 
of  a  c/s -configuration  and  should  be  compared  to  a 
coupling  constant  of  about  2400  Hz  for  irons -com¬ 
plexes  [16-18] .  3,P  chemical  shifts  for  X  =  Cl  were 
in  the  range  +2  to  ♦ 5  ppm  upfield  from  TMP  which 
was  again  consistent  with  values  reported  elsewhere 
lor  cfs-complexes  [16] . 

Tire  iodo-complexes,  which  were  prepared  by 
heating  the  chksro-complexes  with  excess  sodium 
iodide  in  acetone,  have  a  irans-configuration  (,MPt- 
31 P  coupling  constants  at  2252  Hz).  Since  the  steri- 
cally  less  demanding  chloride  ligands  form  ers -com¬ 
plexes,  this  cis  to  imns-isomerisation  on  halide  substi¬ 
tution  would  appear  to  be  a  consequence  of  electro¬ 
nic  factors.  Since  cis  to  (rans-isomerisation  it  some¬ 
times  promoted  by  excess  nucleophile  it  was  of 
interest  to  see  if  refluxing  the  cfr-dichloro  com¬ 
plexes  with  excess  lithium  chloride  in  acetone  would 
promote  isomerisation;  it  did  not.  The  pure  cis- 
isomer  was  recovered  after  24  hours  of  refluxing. 

Hie  bisftrialkylphotphine)  complexes  can  also  be 
prepared  by  displacing  acetonitrile  from  (Pt(MeCN)j- 
Clj) ;  however  in  this  case  a  mixture  of  cis-  and  irons- 
isomers  was  obtained.  These  are  virtually  Impossible 
to  separate  because  of  their  very  similar  physical 
properties. 

Cis-|Pr{/TC,//«Cm//Jm,l),}IA’J| 
(rs-|Pt{P(04H,CmHjIa.i)j}iXj]  were  prepared 
by  reaction  8.  Microanalytical  results  (Table  11) 
were  in  good  agreement  with  the  proposed  formulae. 
For  m  *  2  to  4  the  chlorides  were  white  crystalline 
solids  after  dissolution  in  the  minimum  volume  of  hot 
ethanol  followed  by  crystallisation  by  storing  in  an 
ice-box  for  a  week.  For  m  “  5  to  9,  however,  they 
were  yellow  waxes  or  oils  which  were  purified  by 
column  chromatography.  This  decrease  in  melting- 
point  with  increasing  alkyl  chain  length  indicates 
the  increasing  difficulty  of  packing  the  molecules  into 
a  crystal.  The  infrared  spectra  of  the  chloro 
complexes  had  two  bands  in  the  Pt~Cl  stretching 
region  at  295  and  320  cm-’  (cf.  ris-JPt(PPhj)2Clj}, 
280  and  303  cm-1)  [19]  indicating  a  cfs-configura- 
non.  This  was  further  confirmed  by  ”P  nmr  data 
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Recorded  is  nujol  muBs.  Chemical  shifts  measured  in  CDCl,  relative  to  TMP  as  external  standard.  cv(M-X)  for  all  bromide  and  iodide  complexes  are  assumed  to  be  <200 


TABLE  III.  Physical,  Spectroscopic  and  Analytical  Data  for  fi»n»-[M{P(CnHi,M.,)3}1Cli|. 
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S.  Franks  end  F  H  Hanley 

where  chemical  shifts  of  between  -  '>.1  and  9.3  ppm 
downfield  from  TMP  with  l,!Pt-,,P  coupling 
constants  between  3694  and  3698  Hz  wcie  observed 
for  the  chloro-cornplcxes  consistent  with  previous 
literature  reports  for  similar  complexes  [  1 6—18 ] . 
’ll  mnt  spectra  merely  served  to  confirm  the  presence 
of  the  phosphine  ligands  and  the  absence  of  any 
significant  amount  of  organic  impurity. 


Trans-IPJ{r<Q,H,n.Ji)lCltl 

When  one  equivalent  of  (Pd(COD)Cij|  was 
treated  with  two  equivalents  of  trialkylphosphine  in 
chloroform  under  nitrogen  an  instantaneous  reaction 
occurred  which  on  evaporation  to  dryness  yielded  a 
dark  solid.  Repeated  rccrystallisation  front  hexane 
and  ether  yielded  a  yellow  or  yellow-brown  solid, 
shown  below  to  be  franj-|Pd{Pf('nHjn+1),},0J) 
and  a  datk  red  or  brown  waxy  product  which  became 
more  crystalline  as  the  alkyl  chain  increased  in 
length.  The  reaction  may  be  summarised  as: 

[Pd(COD)CI2]  ♦P(CnHlB*I)1- 

fran  j-|Pd  {P(Chl  1 5|1 )  j }  jCI  j  |  + 
(yellow) 

+  dark  red  or  brown  complex  (13) 

As  the  chain  length  of  the  trialkylphosphine  increased 
in  length  so  the  proportion  of  the  dark  red  product 
increased,  so  that  it  became  impossible  to  isolate  the 
yellow  monomeric  complex  when  the  alkyl  chain  tkd 
fifteen  or  more  carbon  atoms. 

The  yellow  tram-  (Pd  {P(CnM Jn  * , ) 3 } , (1  r  I  wen- 
cither  oils  or  crystalline  solids  whose  microanalyscs 
were  consistent  with  their  proposed  formulae  (Table 
III).  On  heating  they  decomposed  ratiier  than  melted 
In  the  palladium-chlorine  stretching  region  of  the 
infrared  spectrum  they  showed  a  single  band  at  355 
cm'1  ( cf.  fza;w-(Pd(PnBuj),CTj| ,  vVA  a  =  355  cm"1 1 
|20J  indicative  of  a  form-geometry.  This  geometry 
was  confirmed  by  their  31 P  nmr  spectra  where  again 
a  single  band  between  -4.1  and  -7.3  ppm  downfield 
from  TMP  was  observed  in  agreement  with  previous 
results  with  lower  homologues  (17,  18.  21 1.  ’ll 
nmr  merely  served  to  indicate  the  presence  ol 
trialkylphosphine  and  the  absence  of  another  organic 
material  which  might  have  been  present  as  impurity. 

Tire  dark  solids  obtained  from  reaction  12  were 
purified  by  column  chromatography.  Their  infrared 
spectra  showed  a  number  of  bands  in  the  palladium 
chlorine  stretching  region,  particularly  between  2h5 
and  310  cm"1  together  with  a  weak  band  at  355 
357  cm'1.  The  latter  possibly  arises  from  a  terminal 
Pd  -Cl  stretching  vibration  in  the  dimeric  chloride 
bridged  [Pd{PfC„lljn4,)j)('ltl j.  A  (r/.  |Pd(P“Pr,) 
Clj)2  has  pm-ci  at  356  (terminal  Cl),  299  (bridging 
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TABLE  IV.  Physical.  Spectroscopic  and  Analytical  Data  for  the  Dark  Products  Obtained  from  Reaction  5. 
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Fig.  3.  IJC  nmi  spectra  of  (a)  r/vnj-|Pd{P(ClH|j))}1(3I) 
and  (b)  rit-( Pi {P(C|H|7)j}jC1i|  in  CDdj  loluiion. 


Cl  trans  to  Cl)  and  253  cm'1  (bridging  Cl  irons  to 
P"Prj))  |22).  The  dark  colours  »re  consistent  with 
structure  /  since  [Pd(PPTj)Clj] ,  is  deep  orange  [231  - 
However  /  does  not  appear  to  be  the  sole  dark 
product  formed  by  reaction  12 
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since  there  are  too  many  bands  in  tlie  infrared  spectra 
of  the  products  (Table  IV)  and  the  microanalylical 
data  do  not  fit.  In  particular  the  chlorine  analyses 
indicate  that  the  product  has  only  half  as  much 
chlorine  as  expected  fot  /.  We  believe  that  a  consider¬ 
able  amount  of  v-tnelalhtion  may  have  taken  place 
to  yield  //.  Since  the  alkyl  chain  may  metallate  at 
several  points  giving  different  sized  Pd-P  £  rings  each 
with  a  different  degree  of  strain,  a  number  of  Pd  -Cl 
stretching  vibrations  in  the  region  250  to  300  cm 
would  be  expected  [24,  25).  ’ll  mm  spectroscopy  is 
not  very  helpful  in  determining  the  structures  of  the 
dark  red  compounds  because  the  spectra  merely  show 
the  bands  expected  if  the  phosphine  ligands  were  pre¬ 
sent.  The  11 P  nmi  spectrum  of  the  product  contain¬ 
ing  P(Cu lljj )>  shows  a  single  absorption  at  -  3  ppm 
downfickl  from  TMP  which  is  significantly  different 
to  the  -7.4  ppm  shift  observed  in  rwiJ-[Pd{P(Ciy 
Iiji)j}jf3j|-  The  presence  of  a  single  band  argues 


TABLE  V.  Thyscal,  Spectroscopic  and  Analytical  Data  for  iran»-[pd  | 
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Fig.  4.  1SC  nim  tpectmm  of  rr»iu-|P<t{P(C|iHr»)j} jCl2i 
in  CDGj  solution. 


for  the  presence  of  a  single  species  with  only  rnitu  ■ 
contamination.  This  would  suggest  //  with  only 
trace  of  /.  since  all  the  species  II  with  diffetcn 
sized  rings  might  well  be  expected  to  have  vcr 
similar  HP  nmr  chemical  shifts. 

"C  nmr  was  used  in  an  attempt  to  elucidate  lit 
structures  of  the  dark  materials  from  reaction  IT 
However  since  the  spectra  were  complex  it  was  ne«e> 
sary  first  to  record  and  assign  the  spectra  of  simple 
complexes.  The  **C  nmr  spectra  of  |M(PRj)OjI. 
M  =  Pd,  Pt,  R  «  Et,  Pr.  "Bu  and  (M(P"Bu,,Bu)1(  l:; 
have  been  described  previously  (26. 27 1 .  We  recorder 
the  spectra  of  [MfPfCaHiT^JjOj)  (Fig.  })  an 
tnmJ-[Pd{P(C„H„),}jCI,]  (Fig.  4V.  Tire  peak 
in  these  spectra  were  assigned  (Table  XI)  by  compari 
son  with  those  in  the  literature  (26,  27 1  which  shoe 
that  as  the  carbon  atoms  bcconte  more  remote  froi 
phosphorus  there  is  an  initial  down  field  shift,  whie 
then  reverses  to  become  an  upfield  shift.  Assienmen 
is  further  aided  by  the  observation  that  the  *‘P  1,1 
coupling  is  much  Larger  for  odd  than  even  number; 
carbon  atoms.  When  the  ,,P-MP  coupling  is  large 
in  the  fmns -complexes  the  early  odd-numberc 
carbon  atoms  give  rise  to  a  1 :2:l  triplet  due  to  virtu.' 
coupling  whereas  hr  the  aj-complexcs  where  MP 
J,P  coupling  is  much  less  only  a  doublet  is  observed 
The  ISC  nmr  spectra  of  the  dark  products  of  react  mi 


25. 


aw 


p~ 


l.otif  Chain  Tertiary  Phosphine  Complexes 

12  with  P(C|)Hii)j  and  P(CmII»)j  arc  shown  in 
I  ig.  5  and  summarised  in  Table  XI.  It  is  apparent 
that  the  dark  red  product  formed  from  PlCull,-,), 
has  a  very  similar  1JC  nmr  spectrum  to  that  of  trans- 
|Pd{W„ll„),}jCI,)  except  that  the  signals  corres¬ 
ponding  to  the  first,  third  and  eleventh  carbon  atoms 
aie  broad.  Whilst  it  is  possible  that  the  broadening  of 
the  signals  due  to  the  first  and  tliird  carbon  atoms  is 
a  consequence  of  one  third  of  the  alkyl  chains  being 
o-metallaled  and  giving  rise  to  signals  near  but  not 
coincident  with  the  unmetallated  chains,  the  UC 
nmr  spectrum  does  not  prove  the  presence  of  o-metal- 
lalion.  The  spectrum  obtained  from  the  dark  product 
of  reaction  12  with  P(CmHm)j  was  unexpected  (Fig. 
5)  in  that  the  signals  corresponding  to  the  fust,  third 
and  fourteenth  carbon  atoms  were  of  very  low  inten¬ 
sity  in  relation  to  the  other  signals.  As  in  the  case  of 
PIC,,  IIM),  they  were  also  broad. 

In  conclusion  it  is  not  possible  to  unambiguously 
assign  a  structure  to  the  dark  red  products  of  reaction 
12.  However,  we  believe  that  they  are  primarily  a 
mixture  of  o -met  alia  ted  isomers  of  different  ring 
sizes,  II,  together  with  a  small  amount  of 
unmclallated  dimer,  I.  The  separation  of  these 
products  will  be  extremely  difficult,  if  not 
impossible,  due  to  their  very  similar  physical 
characteristics. 

Tr*ns-f  FU  i  )})X2J 

7>aris-(Pd{l,(C«H«('»Hj  *♦,),},  X2]  were  pre¬ 
pared  by  reaction  8.  Microanalytical  results  (Table 
V)  were  in  good  agreement  with  the  proposed 
formulae.  For  m  »  2-5  the  products  were  crystal¬ 
line,  more  crystalline  and  with  higher  melting 
(decomposition)  points  than  their  platinum 
analogues.  This  made  recryatalllsation  of  the  palla¬ 
dium  complexes  easier  without  the  need  to  put  the 
ethanolic  solutions  in  an  ice-box  at  all.  For  m  “  6-9 
the  complexes  were  waxes  and  oils  which  were 
purified  by  column  chromatography.  The  physical 
states  of  the  higher  members  resembled  those  of  their 
alkyl  analogues,  for  example  /ranj-(Pd(F(C|H|?))}, • 
(1,|  and  rra«s-{  Pd  (fl(C»  I  l«Ct  were  both 

oils  of  similar  viscosity,  in  the  palladium-chlorine 
stretching  region  of  the  infrared  they  showed  a  single 
absorbance  at  360-365  cm'1  indicative  of  a  irons- 
configuration  (cf.  rnwt-[Pd(PPh,),0,J  has  a 
at  357  enf)  (20).  In  their  ”t  nmr  spectra  the 
diloro-complexes  showed  a  single  resonance  between 
- 18.6  and  18.9  ppm  downfiekl  from  TMP,  which  is 
again  consistent  with  a  Irons-con flgura! ion  [17,  18, 
2 1 1 .  This  is  a  little  over  9  ppm  downfleld  from  the 
J,P  chemical  shift  in  the  cfs-platinum(ll)  analogues. 
The  JIP  chemical  shifts  move  upfleld  on  replacing  Cl 
by  Br  and  again  on  replacing  Br  by  I.  *11  nmr  spectra 
merely  served  to  confirm  the  presence  of  the  phos¬ 
phine  ligands  and  the  absence  of  any  significant 
amount  of  organic  impurity. 
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TABI.F.  VII.  Physical,  Spec  troscopif  and  Analytical  Data  for 


L  n  Appearance  3,P  NMR  Chemical  Shift  Analytical  Data  Pound  ((  akulatol) 


h 

3 

Bright  yellow  crystalline 

65.0(66.0 

4.5(4.61 

9.7(9.51 

e-t-0  )> 

4 

Pale  yellow  crystalline  solid 

b 

67. 6169.5) 

49(4.9) 

9  8(10.0) 

p 

4 

Yellow  crystalline  solid 

-26.3 

70.1(71.4) 

6. 1(6.0) 

8.2(8.81 

4 

Yellow  crystalline  solid 

-  26.4 

75.1(73.0) 

6  9(6  9) 

8. 7(7.9) 

P-t-0-C.H,), 

4 

Red  wax 

P(C,II|7>4 

4 

Yellow  oil 

6). 0(68.7) 

11.8(12.3) 

K.(K7.4) 

4 

Cream  crystalline  solid 

76.0(76.3) 

12.8(13.2) 

“Chemical  shifts  in  C6 

l)$  solution  relative  to  TMP  as  an  external  standard. 

blnsolubte  in  C*D$  at  25 

”(. 

Trans-/ft(/yc„//lntly3}1//a/ 

Trans-  ( Pt  {P(CnHin ♦  i  )3 } j  MCI  j  were  prepared  by 
reaction  4.  Microanaiytical  results  (Table  VI)  were  in 
good  agreement  with  the  proposed  formulae.  The 
complexes  all  had  low  melting  (decomposition) 
points  which  were  similar  to  those  of  the  corres¬ 
ponding  ciJ-[Pt{P(CI1lliB+i)J)1CI,l .  The  infrared 
spectra  showed  single  strong  absorptions  in  the  Pt— II 
and  Pt-CI  st retelling  regions  at  2170  cm-'  and 
between  275  and  283  enf  ‘  respectively  (e/.  Irons- 
IPt(PBtj),HCI] ,  v„_„  =  2183  cm-1,  Vr,_ci  *  269 
cm  1 )  [19,  28]  .  'll  nmr  showed  a  hydride  resonance 
that  was  a  triplet  of  triplets  at  -16.5  to  —16.6  ppm 
upheld  from  TMS,  with  =  1270-1316 

Mr.  and  J»p_'H  <=  15  Hz  (cf.  tram- jl’tfPEtjJjlICIj , 
'll  chemical  shift  =  -16.9  ppm,  =  1276  Hz 

and  a  H.5  Hz)  [29].  The  J,P  nmr  spectrum 

of  fwi*-[Pl{P(C1jHj7)j}jKCI]  showed  a  resonance 
at  -11.4  ppm  downfield  from  TMP  with  a  Pl-P 
coupling  constant  of  2693  llz  which  was  consistent 
with  a  row-configuration  (16-18).  The  absence  of 
any  other  bands  in  the  'll  and  J,P  nmr  spectra  was 
taken  as  an  indication  of  purity. 

fhUI  where  I.  =  or  PfCtH4Cm- 

N*  m*  t  )t 

The  zerovalent  complexes  (Pt  L* )  were  prepared 
from  [Pt(COD)jJ  according  to  reaction  9.  Most  of 
the  complexes  obtained  (Table  VII)  were  yellow 
crystalline  solids  although  [Pt{P(C,Hn)j}«]  was  a 
yellow  viscous  oil,  and  the  attempted  preparation  of 
l*t  (P(C»II,(',IU),)4|  yielded  a  red  sticky  gum 
which  was  extremely  difficult  to  handle.  Satisfactory 
microanalytical  data  (Table  VII)  were  obtained  for 
all  but  the  Utter  complex.  All  were  air  sensitive  but 
capable  of  storage  under  nitrogen.  The  infrared 
spectra  showed  little  other  than  the  presence  of 


the  phosphine  and  the  absence  of  cyclonctadienc 
The  J,P  nmr  spectra  of  the  P(C»R,Me),  and  P(C6U,- 
Et)3  complexes  in  benzene  solution  showed  broad 
singlets  at  about  -  26.3  ppm  downfield  from  TMP 
consistent  with  the  results  of  previous  workers  (1 1| , 
There  was  no  ,,5Pt-*,P  coupling  observable  at 
ambient  temperature  due  to  rapid  phosphine  dissocia 
lion. 

When  the  [PtL«|  complexes  were  dissolved  in 
benzene  solution  all  but  that  with  L=  ITCjHaCVI,  )j 
gave  yellow  solutions  with  an  absorbance  peak  at 
about  330  nm  and  a  shoulder  at  360  nm.  Tire  absorb¬ 
ance  decreased  with  time;  for  [Pt(PPIij),|  there  was 
an  initial  induction  period  but  for  all  the  other  com 
plexes  the  decrease  in  absorbance  began  as  soon  as 
the  solution  was  made  up.  When  this  decrease  was 
monitored  (see  experimental  section)  it  was  apparent 
that  two  steps  were  involved,  an  initial  fairly  rapid 
step  ascribed  to  the  loss  of  one  phosphine  ligand, 
followed  by  a  slower  step  that  was  ascribed  to  loss  id 
a  second  phosphine  ligand.  In  support  of  this  |l’t 
(PPhj)jl  gave  only  a  single  step  when  dissolved  in 
benzene  solution.  It  was  of  interest  to  obtain 
comparative  rate  data  for  the  two  steps  for  several 
of  the  different  phosphines  since  this  provides  a 
measure  or  the  relative  ability  of  the  phosphines  to 
promote  coordinative  unsaturation.  Tire  results 
in  Table  X  indicate  that  for  4  X  10"*  mol  I"1  solu¬ 
tions,  the  values  of  kj^*  for  kiss  of  tlie  first  phosphine 
(reaction  I)  are  in  the  order  Wi*ll.«s)j  7*  IThi  > 
f  CHi)i  and  for  loss  of  the  second  phnsplnnc 
k?6*  (reaction  I)  arc  in  the  order 
>  Wi*Hjj)»  >  PPhj.  Although  no  measures  of  the 
steric  bulk  of  PfC,*Hu),  are  available,  we  believe 
from  other  trialkyl  phosphines  that  it  is  unlikely 
to  have  a  greater  steric  bulk  than  PPh)  |30] .  Accord¬ 
ingly  we  believe  the  significantly  faster  rate  of  low 
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TABLE  VIII.  Physical,  Spuctroscoptc  and  Analytical  Data  for  f««  {Rh{WCBH2n*,)}2O(C0)) 
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Fig.  5.  'V  turn  spectra  in  CBOj  aolution  of  the  dark 
coloured  paltadium(ll)  products  from  reaction  12.  (a)  P(C,j- 


of  the  first  phosphine  ligand  from  |Pt  {PfC,*Hjj)j}4| 
compared  to  the  triarylphosphines  is  a  consequence 
of  the  gteater  o-donor  ability  of  the  trialkylphosphine 
which  results  in  an  undue  excess  of  electron  density 
at  the  platinum  so  destabilising  the  [PtL*)  species  in 
accordance  with  Pauling's  elcctroneutraliiy  principle. 
The  rates  of  loss  of  the  second  phosphine  ligand  are 
all  very  similar  so  that  it  would  be  unjustified  to 
attempt  to  rationalise  these. 

Trans-/ Rhl.t CI(CO)/  where  L  »  h  »nd 

PfCtHtC^ 

m+  I 

7>unj-|RhLjCI(CO)|  were  prepared  by  displace¬ 
ment  of  CO  from  |RhC1(CO)]]]  (reaction  10).  The 
tower  members  of  tlic  alkyl  series  were  oils  which 
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TABLE  XI.  ,jC  Chemical  Shifts  and  Coupling  Constants  fot  Tertiary  Alkyl  Phosphine  Complexes  of  Platinum  and  Palladium.' 
Complex  OmNcel  Shift*  (ppm) 
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-mi-r  -  * 


u  >  »  <  i  r  i 


were  purified  by  pumping  in  vacuo  at  loom  temper¬ 
ature  Tor  24  hours.  The  high  aryls  with  seven  or 
more  carbon  atoms  in  the  alkyl  side  chain  were  also 
rather  tarry  oils  which  were  purified  in  the  same  way. 
Good  microanalytical  results  (Tables  VIII  and  IX) 
were  obtained  for  all  members  of  the  series  except 
the  oily  higher  members  of  the  aryl  series.  Of  the 
compounds  reported  in  Table  IX  only  the  butyl  and 
octyl  members  have  been  described  previously  and 
the  latter  was  not  obtained  in  a  pure  state  [31  ] . 

The  infrared  spectra  obtained  here  were  consistent 
with  those  of  the  lower  homologues  reported 
previously.  Thus  the  OO  stretching  frequencies  in 
the  present  complexes  lay  in  the  range  1940  1955 
cm-1  (trialkyl)  and  1963-1980  cm-1  (triaryl)  and  the 
Rh-Cl  stretching  frequencies  in  the  range  300-310 
cm-1  (trialkyl)  and  3 10-3 1 7  cm-1  (triaryl)  ( cf. 
I  rant-  [  Rh(PMe  j  ),C1(C0)| ,  p,>0  «  1954.  pBb_a  “ 
302  (32)  and  rnmj-lRhflXC.HaMe-phJCHCO)] , 
Pc-o  ■  I960,  pRh-ci  “  308  cm-1)  [33] .  The  J1P  nmr 
spectra  show  a  doublet  with  a  chemical  shift  of  about 
- 13  ppm  (trialkyl)  and  about  -24  ppm  (triaryl)  and 
,#,Rh-*,P  coupling  constants  of  about  116  Ha 
(trialkyl)  and  126  Hz  (triaryl)  consistent  with 
previous  literature  reports  [18,34, 3$]. 
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Appendix 

For  reaction  5,  the  rate  of  consumption  of  PlLj 
is  given  by: 

-dlPtL,] 

- - - k,[PtLj]  -  k_j[PtL,|  [LJ  (13) 

Let  Co,  Ci  and  C  be  the  concentrations  of  [PtLj| 
initially,  at  equilibrium  and  at  time  t  respectively. 
Since  the  concentrations  of  [PtL][  and  L  at  t  *  0  are 
zero  and  CJ,  respectively  (L  is  formed  in  equivalent 
amount  to  [PtL)|  in  reaction  2),  it  follows  that  the 
concentrations  of  [PtLjJ  and  I.  at  equilibrium 
are  (C„  -  V't)  and  (2CJ,  -  C^)  respectively.  At 
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equilibrium,  -d(PtLj)/dt  =0,  whence  from  equation 
I3„ 


kJc;=k_J(c;-c;x2c;-c;) 

from  which 

kjC. 


k_,= 


(C*.  -  C'J(2C'0  -  O 


(14) 


(IS) 


Rewriting  equation  13  and  substituting  for  k_j  from 
equation  I S  gives 

-^C*  (  cra-OPC-  c;)j 
dt  j  1  (C-c;x2c;-c;)  I 

For  convenience,  let  B  »  C'J{C'0  -  C',X2C'0  -  Cf,)\ 
B  will  always  have  a  positive  value. 

dC 

. .  —  =  -k,{C'  -  B(2C?  -  3 C'C  +  O'1)} 
dt 

dC*  C# 

. .  —  *  Bk,{C'1  -  -  (I  +  3CB)  +  20 

dt  B 


/- 


dC 


C” (I  ♦  30)  ♦  2C 

B 


1  Bkjt  4  constant 


07) 

(18) 

I 

09) 


r _ 5 

J|c,  0  ♦  3BC;)  *|  J(1  + 6BC*„  > ggTj 

*  Bk,t  ♦  constant  (20) 
Integration  of  equation  20  yields: 

i 

1 


X  In 


1V'(B»CJ  +6BC;  ♦  1) 

B 


^i>Al+6BC'o  +  B,C'0,)*C'-i(l  OB C'a) 


1  VO  ♦  6BC*.  ♦  B*C)  -  C  -  i(  1  ♦  3BC'0) 

ZB  2B 

(21) 

*  Bkjt  ♦  constant 

Minor  rearrangement  of  eqn.  2 1  yields  eqn.  6. 
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ABSTRACT 


The  preparation  and  properties  of  two  series  of  new  tertiary  phosphines, 

P(C  H,  .  ),  where  n«10-19,  1,  and  P(C,H,-C  H,  -p),  whore  iiv*3-9,  2,  are 
n  zn+i  ~  oh  o\  zrat-i  ~ 

described.  These  phosphines  have  been  used  to  prepare  a  range  of  transition 

metal  complexes  that  are  extremely  soluble  In  non-polar  hydrocarbon  solvents. 

A  number  of  examples  are  described  In  which  these  complexes  act  as  more 

active  and  selective  catalysts  than  their  more  conventional  analogues. 


INTRODUCTION 


The  present  paper  describes  the  preparation,  characterisation  and 
transition  metal  complexes  of  a  series  of  tertiary  phosphines  that  are 
extremely  soluble  in  non-polar,  especially  hydrocarbon  solvents.  The  reasons 
for  wishing  to  prepare  such  phosphines  are  many: 

1.  A  major  goal  confronting  all  organometalllc  chemists  concerned  with 
catalysis  Is  the  activation  of  alkanes.  If  homogeneous  catalysts  are  to  be 
used  In  this  role  they  must  he  freely  soluble  in  the  alkane,  since  if  any 
other  solvent  were  added  to  promote  miscibility  between  alkane  and  catalyst 
that  second  solvent  would  inevitably  be  more  active  than  the  alkane. 

2.  Homogeneous  catalysts  are  now  widely  used  in  industry.  As  energy 
becomes  ever  more  expensive,  It  is  necessary  to  continually  Improve  the 
catalysts  available.  Since  solvent-catalyst  interactions  are  very  Important 
in  most  homogeneously  catalysed  systems,  it  seemed  constructive  to  prepare 
metal  complex  catalysts  that  would  be  extremely  soluble  in  the  hydrocarbon 
feedstocks  that  provide  the  basis  of  the  petrochemicals  industry. 

3.  Metal  complexes  with  high  solubilities  in  non-polar  media  are  of 
value  in  the  solvent  extraction  Of  metals,  as  stationary  phases  in  gas 
chromatography,  as  additives  in  organic  materials  such  as  plastics  and  paints 
for  prevention  of  algae  growth  (eg  on  ships'  hulls)  or  as  catalysts  to 
promote  the  natural  weathering  of  chemical  agents. 

4.  Long  chain  phosphines  could  be  used  to  prepare  Langraulr-Blodgett 
films1,  mlcroemulslons12,  and  vesicles1*,  all  of  which  could  be  used  to 
coordinate  transition  metals  on  their  surfaces. 

PREPARATION  OF  THE  PHOSPHINES 


We  have  prepared  two  series  of  tertiary  phosphines,  l5  and  26.  Both 


P(CnH2n+l>3 

n-10-19 

1 


m-3-9 

2 
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the  fully  aliphatic  and  the  aromatic  aeries  were  prepared  because  the  two 
scries  have  significantly  different  electronic  effects  on  coordinated  metal 
Ions,  so  that  for  some  situations  1  are  more  valuable  than  2,  whereas  in 
other  situations  the  reverse  is  true.  The  trlalkylphosphines ,  1,  were 
prepared  by  treating  the  Grlgnard  reagent  of  the  iv-alkyl  bromide  with 
phosphorus  trichloride  in  tetrahydrofuran.  .  They  were  pt  rifled  by  very 
careful  recrystalllsatlon  from  a  mixture  of  chloroform  and  ethanol.  They 
were  extremely  soluble  in  hydrocarbon  solvents  such  as  dlchloromethane, 
chloroform,  carbon  tetrachloride  and  1,2-dlchloroethane  and  moderately 
soluble  in  tetrahydrofuran,  benzene  and  other  aromatic  solvents  as  well  as  in 
hot  alcohols  such  as  methanol  and  ethanol  and  warm  acetone.  1  were  however 
insoluble  in  cold  alcohols  and  acetone.  These  solubility  properties  are,  of 
course,  very  similar  to  those  of  their  precursors  and  of  any  side  products  of 
their  preparation,  which  leads  to  any  Important  general  conclusion.  When 
synthesising  compounds  with  extreme  solubility  properties  it  Is  essential  to 
achieve  maximum  purity  at  every  stage  ineluding  the  initial  reactants.  It  is 
vital  not  to  delay  purification  because  the  problems  do  not  increase 
linearly,  they  Increase  exponentially.  * 

On  exposure  to  the  air  the  tertiary  phosphines,  1,  were  very  readily 

oxidised  to  a  complex  mixture  of  phosphorus(III)  8nd  phosphorus(V)  products 

of  the  type  P(OR),  R  and  OP(OR),  R  where  n  “  0-3.  However  treatment  with 
j-n  n  n  n 

a  alight  excess  of  6X  hydrogen  peroxide  resulted  in  smooth  oxidation  to  the 
phosphine  oxides  0PR3,  which  were  stable  in  air  and  rather  more  crystalline 
than  the  corresponding  phosphines,  although  their  solubility  properties  were 
essentially  the  same  as  those  of  the  phosphines.  In  direct  contrast  to 
phosphine  oxides  OPR^  with  n-alkyl  chains  chat  contain  8  or  less  carbon 
atoms,  the  present  phosphine  oxides  with  10-19  carbon  atoms  in  their  alkyl 
chains  were  not  deliquescent  at  all.  The  mass  spectra  of  both  the  tertiary 
phosphines,  l,  and  their  corresponding  trialkylphosphlne  oxides  all  show 
strong  parent  Ion  peaks^. 


3fc. 


The  second  series  of  tertiary  phosphines,  2,  were  prepared  In  a  similar 
manner  to  the  first  series  by  treating  the  Grignard  reagent  of  the 
corresponding  £-alkylbromobenzene  with  phosphorus  trichloride  In 
tetrahydrofuran^ .  However  In  order  to  use  this  route  It  was  essential  to 
devise  a  preparative  route  for  the  £-alkylbromobenzene;  since  purification 
must  he  accomplished  at  all  stages  It  was  essential  to  devise  a  route  that 
yields  the  para  -isomer  In  as  pure  a  form  as  possible  since  separation  of  the 
ortho-,  met a-  and  para-lsomers  will  not  be  easy.  There  are  many  literature 
routes  that  yield  a  mixture  of  Isomers,  but  only  one  was  available  that 
yielded  the  pure  para-lsomer  and  yields  were  poor.  Accordingly  the  three 
stage  synthesis  of  £-alky lbromobenzenes  shown  in  Scheme  1  was  developed.  It 
gave  the  pure  para-lsomer  In  46-60  per  cent  overall  yield. 
£-Propylbromobcnzene  can  be  prepared  following  Scheme  1, 


* 


but  It  Is  more  easily  prepared  by  the  reaction  of  alkyl  bromide  with  the 
raono-Crlgnard  reagent  of  £-d lbromobenzene ,  followed  by  hydrogenation  of  the 
resulting  £-propenylbromobenzene. 

All  the  t r 1 8(£-alky 1  ary 1 ) phosph ines  were  extremely  soluble  In 
hydrocarbon  solvents  such  as  hexane  and  chlorinated  hydrocarbons  such  as 
dichlororaethane,  chloroform  and  carbon  tetrachloride,  and  moderately  soluble 
in  tetrahydrofuran,  diethyl  ether  and  aromatic  solvents  such  as  benzene  and 
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toluene*  The  lower  members  of  the  series  were  soluble  In  ethanol  but  this 
decreased  as  the  alkyl  chain  length  Increased.  All  2  were  sensitive  to 
oxygen  both  as  solids  or  oils  and  In  solution.  This  Is  In  contrast  to 
trlphenylphosphlne  itself  which  Is  fairly  resistant  to  oxidation  both  as  a 

solid  and  in  solution.  Unlike  1,  which  yield  a  complex  mixture  of  products 
on  oxidation  in  air,  2  only  give  a  single  product,  the  phosphine  oxide 

OP(C6H4R-j))  j.  The  sensitivity  to  air  oxidation  Increased  as  the  alkyl  chain 
on  the  phenyl  ring  Increased  In  length.  Oxidation  with  6%  hydrogen  peroxide 
gave  a  convenient  preparative  route  to  the  phosphine  oxides  OP(C6H1<R-£)  , 
which  had  similar  solubility  characteristics  to  the  parent  phosphines,  2. 

The  mass  spectra  of  2  show  a  strong  parent  Ion  peak,  whereas  the  mass 
spectra  of  OPtCcl^R-jj)  j  have  M-H  as  the  most  Intense  peak^.  There  are  many 
examples  of  situations  In  which  minor  modifications  to  trlphenylphosphlne 
causes  major  changes  In  properties.  Ease  of  oxidation  has  already  been 
mentioned.  The  mass  spectra  of  2  provide  another  example  since  the  most 
Intense  Ions  in  the  mass  spectra  of  2  are  those  of  P(C&HkR-£) ^+.  By  contrast 
the  most  Intense  Ion  In  the  mass  spectrum  of  trlphenylphosphlne  Is  3. 


3 


PREPARATION  OF  TERTIARY  PHOSPHINE  -  TRANSITION 

METAL  COMPLEXES 

A  number  of  transition  metal  complexes  of  the  two  series  of  tertiary 
phosphines,  1  and  2,  have  been  prepared  and  characterised®.  Since  the 
complexes  displayed  essentially  the  same  extreme  solubility  characteristics 
as  the  parent  phosphines,  the  preparative  routes  used  were  selected  on  the 
basts  of  those  which  gave  the  cleanest  reactions  with  either  volatile  or 
otherwise  easily  separated  side  products,  and  a  minimum  of  lsomcrsi  The 
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complexes  prepared  are  shown  In  reactions  l-8®»  9.  The  rhodiura(I)-lodo 
complex  shown  In  reaction  8  can  only  be  prepared  In  the  presence  of  excess 
phosphine;  In  the  absence  of  excess  phosphine  It  dlmerfses  reversibly  as  In 
reaction  9. 


R-alkyl, aryl 

lPt(cod)Cl2J  +  2PR 2  - *•  cls-[Pt(PR,)?Cl-,  |  +  cod  (1) 

cod-1 ,5-cyclooctadlene 


R-alkyl, aryl 

[pd(cod)Cl2]  +  2PR3 - *  trans-1  Pd(PR  j)?Cl, )  +  cod  (2) 


EtOH.CHCl, 

[Pt(PR3)2ClJ  +  2N2H„  - -+  trans-|Pt(PRJ)2HCll  +  NH^Cl  +  tN2  +  NH3(3) 

R-alkyl 


MeOH.H  0 

2 [Pt(cod)Cl2 ]  +  2NaOH  - - - ►  lPtCl(C8H12OCH3) j2  +  2NaCl 

]4PR3, R-alkyl 

2  trans-  {pt(PR3)2HClJ  +  2C8HuOCH3  (4) 


hexane 

[pt(cod)  .  J  +  4PR  .  - ►  [Pt(PR  )J  +  2cod  (5) 

R-alkyl,  aryl 


CHC1 

[Rh  .Cl  .(CO).  ]  +  4PR  ,  - - — *  2  trans-l  Rh(PR  )  C1(C0)  |  +  4C0  (6) 

R-alkyl,  aryl 


37. 


acetone 


trans-[Rh(PR  ,),C1(C0)  j  +  NaBr  - ►  trans-[  Rh(PR  j)2Br(CO)  [  +  NaCl  (7) 

R“alkyl,  aryl 


acetone  +  excess  PR3 

trana-[Rh(PR?)?Cl(CO)l  +  Nal  - ►  trans-j  Rh(PR^)?I(CO)  1  +  NaCl  (8) 

R"alkyl,  aryl 


-2PR3 

2[Rh(PR,),I(CO)J 

+2PRj 


OC  I  PR  . 

\  /  \  / 

Rh  Rh 

/  \  /  \ 
r3p  I  CO 


+2PR3,  -2CO 

[Rh(PR  )  I] 

-2PR j,  +2CO 


(9) 


The  very  different  solubility  properties  of  these  complexes  prepared  In 
reactions  1-9  as  compared  to  their  tr Iphenylphosphlne  or  trlethylphosphlne 
analogues  gives  rise  to  differences  In  their  chemical  properties.  These  have 
been  investigated  in  some  detail.  Here  we  summarise  the  results  referring 
the  Interested  reader  to  the  appropriate  literature  reference. 

The  complexes  [M(PR ^>^01^  ] ,  M  *  Pd,  Pt,  In  association  with  tin(II) 
chloride  provide  more  selective,  more  active  catalysts  for  the  selective 
hydrogenation  of  polyolefins  to  monoolefins  when  long  alkyl  chain  aliphatic 
and  aromatic  tertiary  phosphines  are  present  than  their  PEt3  and  PPh 3 
analogues.  In  particular  the  .platlnum(II)  complexes  of  1  and  2  are 
particularly  active  In  the  absence  of  any  added  solvent,  ie,  when  the 
hydrogenation  Is  effected  in  pure  polyolefin  J0,11. 

The  Introduction  of  long  alkyl  chains  Into  the  para-positlon  of  trl- 
phenylphosphine  reduces  the  ability  of  [  Rh(PR j)^Cl(CO) ]  complexes  to 
lsomerlse  olefins  and  enhances  their  ability  to  promote  the  formation  of  n- 
aldehydes  during  hydroformylatlon;  both  effects  are  highly  constructive  from 
the  viewpoint  of  the  petrochemicals  Industry12.  This  demonstrates  an 
enhanced  selectivity  that  may  have  military  advantages. 


The  presence  of  the  para-« Iky  1  groups  in  2  alters  the  relative 
concentrations  of  the  rhodium(I)  complexes  formed  when  [Rh(PR3>2X(CO> j , 
PRj  ■  2,  X  «  Cl ,  Br  and  1,  undergoes  oxidative-addition  with  alkyl  halides. 
This  has  enabled  us  to  gain  a  greater  insight  into  the  mechanism  of  the 
rhodlum(I)  -  catalysed  carbonylation  of  methanol  which  is  a  commercially  very 
important  reaction®,^.  Oxidative-addition  of  alkyl  halides  is  potentially  a 
reaction  that  could  be  exploited  in  the  degradation  of  mustard. 

CONCLUSIONS 


Two  new  series  of  tertiary  phosphines,  1  and  2  have  been  prepared  and 
characterised.  These  phosphines  not  only  form  strong  complexes  with 
transition  metals,  but  lead  to  complexea  which  are  extremely  soluble  in  non¬ 
polar  solvents.  This  extreme  solubility  gives  rise  to  enhanced  activity 
specificity  and  selectivity  of  these  complexes  when  used  as  catalysts  in  a 
number  of  reactions. 
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Summary 

Attempts  to  prepare  [RhXfCOXPAr,  )2 )  complexes  have  shown  that  when  X  -  I 
these  complexes  are  far  less  stable  than  the  well-known  |RhCl(COXPPhj)2).  The 
bromo  complexes  [RhBr(COXPArj)2l  (Ar  -  QHS.  />-EtC,H4)  can  be  prepared  by 
simple  halide  exchange  from  their  respective  chloro  complexes.  However  a  similar 
attempt  to  prepare  the  iodo  complexes  was  frustrated  by  dissociative  equilibria;  in 
the  absence  of  oxygen  dimers  were  formed,  whereas  in  the  presence  of  oxygen 
polymeric  oxygen  complexes  were  formed.  The  ease  of  dissociation  of  phosphine  can 
be  attributed  to  the  greater  steric  crowding  in  the  iodo  complexes  than  in  the  chloro 
and  bromo  complexes.  The  complex  (RhI(COXPPh3)2l  could  only  be  obtained  in 
the  presence  of  excess  PPh,,  which  inhibits  the  dissociation.  The  identification  of 
this  monomer  was  further  complicated  by  the  previously  unnoticed  presence  of  both 
cis  and  irons  isomers  in  the  solid  state. 


Investigation  into  the  oxidative-addition  of  methyl  iodide  to  trans- 
(RhCl(COXPArj)j]  (I)  where  Ar  -  p-alkylaryl),  has  been  found  to  be  more  complex 
jl]  than  previously  indicated  in  the  literature  [2).  Attempts  to  determine  the 
mechanism,  which  involves  halide  catalysis,  were  complicated  by  the  possibility  of 
halide  exchange  with  the  rhodium  complex  I  which  may  lead  to  the  more  reactive 
species  (RhXfCOXPAr,),]  (II,  X  •  I).  It  was  considered  appropriate  therefore,  to 
prepare  and  characterise  complexes  of  type  II  where  Ar  -  aryl  and  X  -  Br  or  I  in 
order  to  study  their  oxidative-addition  with  alkyl  bromides  or  iodides  respectively, 
which  would  obviate  any  possibility  of  halide  exchange. 


The  «wt»-(RhCXCOXPAr,),J  (Ar  -  Ptt,  p-EtC,H4  and  p-PrQH4)  and 
[RhX(COXPPh3)]j  complexes  were  prepared  by  literature  methods  (3-5). 
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Preparation  of  trans-(RhBr(CO)( P(p-EtCnH4),),/ 

To  rrani-[RhCl(COXP(  p-EtC,,H4)j}j|  (0.1  g,  1.2  x  10  4  mol)  was  added  sodium 
bromide  (0.17  g.  1.7  x  10'  ’  mol)  in  acetone  ( 100  ml).  After  stirring  for  2  j  h  at  room 
temperature,  the  excess  sodium  bromide  together  with  the  sodium  chloride  formed  in 
the  reaction  was  filtered  off.  The  solvent  was  evaporated  under  reduced  pressure  and 
the  yellow  residue  washed  with  ethanol.  This  was  filtered  and  dried,  yield  0.06  g, 
56%.  <>(CO)  1967  cm'1  (Nujol  mull).  TLC  (acetone)  gave  one  spot.  Rr  0.83  (cf. 
/rarM-(RhCl(COXP(^-EtCsH4)j)3],  R,  0.68  under  identical  conditions).  Recrystalli¬ 
sation  of  the  product  from  benzene/ethanol,  gave  the  product,  m.p.  164°C.  Found: 
C,  65.0;  H,  6.0.  C4,HJ4BrOP2Rh  calcd.:  C.  65.3;  H.  5.9%. 

Preparation  of  trans-[RhBr<CO)(PPhJ)2] 

trans-{ Rh Br< COX PPh  j )  2 1  was  prepared  by  the  same  method  as  trans- 
(RhBr(COXP( p-EtQH4)j)2l,  yield  65%,  m.p.  173°C.  v(CO)  (Nujol  mull)  1969  cm " 1 
(as  literature  [12b])  TLC  (acetone)  gave  one  spot.  Rf  0.83. 

Attempted  preparation  of  [RhBr(CO){  Pfp-PrC^H4),)  ,} 

To  rrom-lRhQ^OXPfp-PrCjHjJjJj]  (0.12  g,  1.27  x  10  *  mol)  in  acetone  (30 
ml)  was  added  sodium  bromide  (0.2  g,  1.9  x  10' 3  mol)  and  the  solution  stirred  for  2] 
h  at  room  temperature.  The  excess  sodium  halides  were  filtered  off  under  reduced 
pressure  leaving  a  yellow  solid  which  was  recrystallised  from  a  benzene/ethanol 
mixture  and  the  orange  precipitate  filtered  and  dried,  yield  0.06  g.  77%.  m.p.  63°C. 
1R  (Nujol  mull)  indicated  no  r(CO)  but  absorbances  typical  of  tris (p- 
propylphenyljphosphine  were  present.  Found:  C,  56.8;  H.  6.1.  [C27H3jBr02PRh], 
calcd.:  C,  56.6;  H,  5.8%.  TLC  (acetone)  gave  R/0.S8. 

Reaction  of  trans-{RhCl(CO)(PPhj)2]  with  potassium  iodide  in  the  presence  of  triphen- 
ylphosphiite  and  air  to  give  trans-fRhlfCOMPPhjh] 

fru/tr-{RhCl(COXPPhj)j]  (0.12  g,  1.7  x  10~4  mol),  triphenylphosphine  (0.3  g. 
1.2  x  10'3  mol)  and  potassium  iodide  (0.4  g,  2.4  X  103  mol)  were  mixed  together  in 
acetone  (50  ml).  The  mixture  was  stirred  at  room  temperature  for  25  h  and  left  at 
room  temperature  for  a  further  3  days.  A  yellow  solid  was  filtered  off  and  dried.  The 
complex  was  recrystallised  from  ethanol/benzene  in  the  presence  of  some  triphenyl¬ 
phosphine  and  washed  with  ethanol,  yield  0.1  g.  75%;  m.p.  153-155°C  (dec.);  r(CO) 
(Nujol)  1985  cm'*;  »(CO)(CHCI,)  1980  (vs)  and  2025  cm' '(w).  Found  C.  56.9;  H. 
3.8.  CJ7H,0IOP1Rh  calcd.:  C,  56.9;  H.  3.8%.  5,P  NMR  in  CDC1,  gave  6  27.3  ppm 
(d),  ./(Rh-P)  123.05  Hz  due  to  tranr-f  RhI(COXPPhj)2]  and,  if  air  is  not  rigorously 
excluded  «  30.97  ppm  (d),  ./(Rh-P)  83.98  Hz  due  to  trans-{ Rhl(COX O;  X PPh 3 ) 2  ] 
together  with  a  very  weak  signal  at  6  29.04  ppm  (d),  /(Rh-P)  123.0  Hz. 

To  the  filtrate  was  added  water  causing  triphenylphosphine  to  precipitate  (yield 
0.28  g,  93%).  The  product  was  identified  by  IR  spectroscopy  and  melting  point. 

Preparation  of  cis-fRM(CO)(PPh})2J 

c«-]RhI(COXPPh,)j)  was  prepared  in  air  by  an  identical  method  to  that  used  to 
prepare  »r«iHRhl(COXPPh,),],  but  here  the  preparation  was  carried  out  at  0°C. 
The  product  cir-( RhI(COXPPh})2),  gave  r(CO)  1969  cm'1  (Nujol  mull)  and  r(CO) 
1980  (s)  and  2025  cm'1  (w)  (CHClj).  When  dissolved  in  CDC1, 3,P  NMR  gave  S 
27.3  ppm  (d),  J( Rh-P)  123.05  Hz  due  to  /r<mj-iRhI(COKPPh,);l  and  if  air  is  not 
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vigorously  excluded.  5  30.97  ppm  (d).  J(Rh-P)  83.98  He  due  to  trans- 
[RhI(COK02  X  PPh , )  j  ].  1R  spectroscopy  showed  the  as  isomer  converted  to  the 
irons  isomer  when  stored  in  the  solid  state  at  room  temperature  (25°C)  for  1  month. 

Reaction  oj lrans-{RhCI(CO)tPPh ,):]  with  potassium  iodide  under  carbon  monoxide  in 
the  absence  of  added  triphenylphosphine 

r/wis-lRhCKCOXPPh, )2]  (0.13  g.  1.9  x  10  4  mol)  was  dissolved  in  acetone  (40 
ml).  After  20  minutes  at  room  temperature,  under  carbon  monoxide,  potassium 
iodide  was  added  (0.6  g,  3.6  x  10'  *  mol).  The  solution  was  stirred  for  17  h  at  room 
temperature,  after  which  time  yellow  crystals  had  precipitated.  These  were  filtered 
under  carbon  monoxide,  washed  with  water  and  dried  in  vacuo,  yield  0.14  g.  94%. 
IR  spectroscopy  and  microanalysis  confirmed  that  the  product  was  irans- 
[Rhl(COXPPh,)2l. 

Reaction  of  traru-[RhCHCO)(PPh ,),/  with  potassium  iodide  in  air  in  the  absence  of 
free  triphenylphosphine 

To  rraiw^RhClfCOxPPhj )2|  (0.19  g.  2.7  x  !0'4  mol)  was  added  potassium 
iodide  (0.6  g,  3.6  x  10' 5  mol)  in  acetone  (100  ml).  After  24  h  the  colour  of  the 
solution  had  changed  to  brown.  The  potassium  iodide  and  potassium  chloride  were 
filtered  off.  The  reaction  mixture  was  then  evaporated  to  dryness,  dissolved  in 
benzene  and  again  filtered.  On  evaporation  of  the  filtrate  under  reduced  pressure  a 
brown  oil  remained.  IR  spectroscopy  showed  no  absorbances  assignable  to  v(C'O)  or 
r(M-Cl)  but  gave  absorbances  corresponding  to  triphenylphosphine  oxide  and 
water.  The  brown  oil  crystallized  on  cooling  in  liquid  nitrogen  under  petroleum  ether 
(b.p.  40-60°C).  This  was  filtered  off  and  dried,  yield  0.09  g,  59.0*.  Found:  C.  37.2; 
H.  3.57.  C„H,sIO,PRh  2HjO  cakd.:  C.  37.5.  H,  3.3*.  [RhCl(O2XOPPh?)0*,), 
has  previously  been  reported  16]  as  the  product  of  photoinduced  oxidation  of 
trans-{  RhClfCOX  PPh , )  2  ]. 

Decarbonylaiion  of  trans-[Rhl(COMPPb,)2] 

fraiu-(RhI(COXPPhj)j]  (0.05  g,  6.4  x  10'4  mol)  was  partially  dissolved  in  de¬ 
gassed  acetone  (12  ml),  after  stirring  for  45  h  under  nitrogen  the  solution  remained 
yellow.  On  evaporating  the  acetone  under  reduced  pressure  at  S0°C,  the  solution 
started  to  darken.  After  complete  evaporation  to  dryness  a  brown  solid  remained. 
The  product  was  dissolved  in  degassed  dichloromethane.  and  again  evaporated  to 
dryness.  This  was  repealed  several  times  to  effect  complete  decarbonylation.  The 
product  was  isolated  from  degassed  petroleum  ether  (b.p.  40-60°C).  The  product 
was  filtered  off  and  dried,  yield  0.04  g.  83*.  It  was  identified  as  |Rh2I2(PPh,)4)  by 
mixed  melting  point  and  IR  spectroscopy. 

Reaction  of  Irons- fRhCl(CO){P(p-EtC^H4)J)!)  with  potassium  iodide 

To  «wu-{RhCl(COXP( p-EtC^H4)j)j J  (0.16  g,  1.9  x  )0"4  mol)  was  added  potas¬ 
sium  iodide  (0.4  g,  2.4  x  10'-’  mol)  in  acetone  (80  ml)  and  the  mixture  stirred  for  3 
h.  The  potassium  halides  were  filtered  off  and  the  acetone  evaporated  under  reduced 
pressure.  The  product  was  re-dissolved  in  chloroform,  and  the  remaining  halide  salts 
were  removed  by  filtration.  After  a  further  evaporation  to  dryness  and  washing  with 
ethanol,  the  product  was  collected  and  dried,  yield  0.1  g.  89*.  TLC  (20*  chloro¬ 
form/80*  ethanol)  gave  one  spot  R,  0.81,  r<CO)  (Nujol)  1976  (s)  and  2020 
cm'  '(w).  Found;  C.  49.05;  H,  5.29.  C„Hj710PRh  calcd..  C.  49.6;  H,  4.5*. 
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Reaction  of  /Rh  ,CI,( P(p-EtC„H4)3)4J  with  lithium  iodide 

(Rh2Cl2(P( ^-EtC6H4)3}4]  (0.4  g,  2.4  X  10~4  mol)  was  stirred  with  lithium  iodide 
(2.0  g,  1.5  x  10' 2  mol)  in  ethanol  (30  ml)  for  3  h  at  reflux  under  nitrogen.  The 
ethanol  was  evaporated  off  until  only  a  brown  solid  was  left.  Water  (50  ml)  was 
added  and  the  brown  solid  extracted  in  petroleum  ether  (b.p.  60-80°C).  Evaporation 
of  the  petroleum  ether  left  a  brown  solid  which  was  filtered  off  under  nitrogen.  This 
was  washed  with  water  and  dried  in  a  drying  pistol,  yield  0.41  g,  90.7%.  The  product 
was  washed  with  petroleum  ether  (b.p.  40-60°C)  and  dried.  Found:  C,  60.4;  H.  S.7. 

C4,Hj4IP2Rh  2HjO  calcd.:  C,  59.8;  H.  6.0%. 

Reaction  of  (Rh1t1(PPh  s)4j  with  carbon  monoxide  [7] 

{Rh2I2(PPh3)4|  (0.04  g,  2.7  X  10' 5  mol)  was  dissolved  in  acetone  (50  ml)  and 
carbon  monoxide  was  passed  through  the  solution  for  2  h.  The  solution  turned 
yellow  and  on  addition  of  water  gave  a  yellow  precipitate  which  was  filtered  off  and 
dried,  yield  0.03  g,  72%,  *(CO)  (Nujol)  1985  cm'1.  The  IR  spectrum  was  identical  to 
that  of  rra/u-jRhKCOXPPhj )  2 ). 

Attempted  preparation  of  [Rhl(CO){ P(p  EtC^H4)J)!j  from  the  reaction  of  carbon 
monoxide  with  (Rh2J2{P(p-ElCaH4)j)2J  •  2Hfi 

|Rhjl 2{P( p-EtQH4 )j}4] •  2H 30  (0.16  g,  8.4  x  10'5  mol)  was  dissolved  in  de¬ 
gassed  acetone  (80  ml),  through  which  carbon  monoxide  was  passed.  After  4  h 
degassed  water  was  added  causing  a  brown  product  to  precipitate  which  was  filtered 
off  and  dried.  (R  spectroscopy  confirmed  the  presence  of  some  [Rh2I2(CO)2{P< p- 
EtC^H4)3}2],  but  following  dissolution  in  degassed  ethanol  and  evaporation  to 
dryness,  the  brown  product  was  shown  by  IR  spectroscopy  to  have  no  v(CO)  and  be 
identical  to  the  starting  material,  yield  0.12  g,  75%. 

Preparation  of  [RhI(PPh3)3J  [7] 

To  iriphenylphosphine  (6.0  g,  2.3  X  10' 2  mol)  in  hot  ethanol  (200  ml)  was  added  * 

RhClj  •  3HaO  (1.0  g.  3.8  x  10' J  mol)  in  ethanol  (60  ml)  and  the  mixture  brought  to 
the  boil.  When  lightening  of  the  colour  occurred  and  orange  crystals  deposited  (5- 10 
min),  a  solution  of  Li!  (4.0  g,  2.9  X  10' 2  mol)  in  hot  ethanol  (80  ml)  was  added  and 
the  solution  stirred  under  reflux  for  3-4  h  and  brown  crystals  collected  from  the 
warm  solution.  These  were  filtered  off  and  dried,  yield  3.85  g,  99.7%.  The  solid  was 
recrystallised  from  ethanol/benzene  containing  some  triphenylphosphine.  Found:  C. 

67.2;  H,  4.9.  C54H45IP,Rh  calcd..  C,  67.8;  H.  4.7%. 

Preparation  of  {Rh2I2(PPh3)tJ 

To  (Rhl(PPhj)j]  (1.0  g,  9.8  x  10"4  mol)  under  nitrogen  was  added  degassed 
isobutyl  methyl  ketone  and  the  mixture  refluxed  for  2  h;  addition  of  lithium  iodide 
(1.0  g,  7.5  x  I0~J  mol)  and  stirring  under  reflux  for  another  hour  gave  darkening  of 
the  solution.  The  solution  was  cooled  and  then  filtered  under  nitrogen.  The  red 
precipitate  was  dried  in  vacuo  and  was  recrystallised  twice  from  dichloromethane/ 
petroleum  ether  (b.p.  40-60*0  under  nitrogen,  yield  0.7  g,  95%.  Found;  C.  57.3;  H. 

4.0.  C*H,0IPjRh  calcd.:  C,  57.3,  H,  4.0%. 

Spectroscopic  and  TLC  measurements 

Infrared  spectra  were  recorded  on  a  Perkin- Elmer  577  spectrophotometer.  Solids 
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were  run  as  Nujol  mulls  using  potassium  bromide  plates  for  the  range  4000-400 
cm' 1  and  cesium  iodide  plates  400-200  cm  '.  Solution  infrared  spectra  were  run  in 
potassium  bromide  cells.  "P  NMR  spectra  were  recorded  on  a  JEOL  PS/PFT 
Fourier-transform  NMR  spectrometer  with  phosphoric  acid  external  reference.  TLC 
was  performed  using  Merck  plastic  sheets  precoated  with  Silica  Cel  60  F2<4. 


Results  and  discussion 

The  chloro  complexes.  tranj-[RhCl(COXPAr,  )2  ],  where  Ar  =  Ph  and  />-EtCfH4 
were  prepared  by  the  reaction  of  the  phosphine  with  [Rh2Cl2(CO)4)  (3)  and  by 
carbonylation  of  (RhClfPAr,),)  by  aqueous  formaldehyde  (4).  Metathesis  of  these 
complexes  with  sodium  bromide  in  acetone  solution  in  the  presence  of  air  gave  the 
bromo-derivatives  fra»u-{RjiBr(CO)(PAr,  )2|,  where  Ar  -  Ph  and  />-EtQH4.  in  good 
yield  at  room  temperature.  They  were  readily  purified  by  recrystallisation  from 
benzene/ethanol  mixtures. 

Attempts  to  prepare  tra/tr-(Rhl(CO)(PPh,)2)  by  the  same  method  yielded  a 
brown  solid  which  did  not  show  a  carbonyl  absorption  in  the  infrared  region. 
fram-{RhI(COXPPh,)j]  could  only  be  isolated  without  decomposition  by  metathesis 
and  recrystallisalion  in  the  presence  of  excess  triphenylphosphine  under  an  atmo¬ 
sphere  of  either  air  or  nitrogen.  The  lack  of  stability  of  trans-{ Rh  1(  COX  PPh, )  2 )  in 
solution  has  previously  been  noted  in  the  literature  [8)  and  recently  attempts  to 
prepare  II  (X  —  Br  and  I)  have  failed  to  give  any  pure  products  [9],  We  have  now 
established  that  the  decomposition  is  the  result  of  a  series  of  dissociative  equilibria 
which  are  absent  in  the  chloro  complex  and  only  present  in  the  bromo  complex 
when  more  bulky  arylphosphinet  are  coordinated  to  the  rhodium.  If  the  absence  of 
air,  decomposition  is  via  the  dissociative  equilibria  shown  in  Scheme  1.  Thus,  when 
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II  is  dissolved  in  acetone,  phosphine  is  released  to  give  an  equilibrium  amount  of 
[Rh2X2(CO)2(PArj)2]  (III).  Decarbonylation  by  repeated  evaporation  of  the  solvent 
to  dryness  under  vacuum  yields  [Rh2X2(PAr.,)4]  (IV.  X  -  1.  Ar  -  Ph).  The  product 
was  identified  by  comparison  with  an  authentic  sample  prepared  from  [RhUPPh,),] 
(7).  The  reverse  of  the  above  reactions  was  also  shown  to  occur.  II  being  obtained 
from  {Rh2I2(PPhj)4J  (IV)  and  carbon  monoxide.  Treatment  of  IV  (X  -  I.  Ar  -  p- 
EtQH4)  with  carbon  monoxide  yielded  III  (X  -  1.  Ar  - p-EtQH4)  and  phosphine. 
The  positions  of  the  equilibria  shown  in  Scheme  1  are  strongly  dependent  on  both 
the  phosphine  and  the  halide.  Thus  when  Ar  -  p-EtQH4,  the  equilibria  lie  in  favour 
of  structure  IV  so  that  attempts  to  prepare  [Rhl(COXP(  P*EtC4H4)J)2)  by  treatment 
of  I  (Ar  ”^-EtQH4)  with  Kl  yielded  III  (X  —  I.  Ar  -  p-EtC4H4),  only  traces  of  II 
(X  “  1,  Ar  -^-EtQH4)  being  obtained  in  solution  at  0°C  and  in  the  presence  of  a 
very  large  excess  of  the  phosphine.  When  X  -  Cl  and  Br.  and  Ar  -  Ph  and 
f-EiC^H4.  the  equilibria  shown  in  Scheme  1  lie  in  favour  of  structure  II. 

rnvu-{RhI(CO)(PPh,)]j  has  »(CO)  1980  cm"'  (CHC1,  solution).  This  is  the 
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major  isomer  formed  in  solution  by  the  dissociation  of  [Rhl(COxPPh,)2),  although 
IR  spectroscopy  (Table  1)  shows  that  ro-[RhI(COxPPhj)i2  (»(CO)  2025  cm"  1  in 
CHC1  j  solution)  is  also  present.  1R  spectroscopy  show  111  (X  *  1,  Ar  =  p-EtCf  H4 )  to 
exist  as  both  c is  and  trans  isomers.  c«-|Rhl(COKP(p-EtCkH4)j)]2  has  c(CO)  2020 
cm'1  (Nujol  mull);  tra«j-{Rhl(COKP( p-EtC^H*  )3)),  has  »(CO)  1980  cm' 1  (Nujol 
mull). 

11 P  NMR  has  shown  the  existence  of  [RhlOj(CO)(PPhj)jl  in  solution  at  20°C. 
when  both  cis-  and  tro/u-[ RhI(COXPPh3)2}  are  dissolved  in  CDC1,  under  an 
atmosphere  of  air.  Although  the  presence  of  (RhI02(C0XPPh))2)  can  only  arise 
from  the  dissociative  equilibria  shown  in  Scheme  2,  the  presence  of  Rh-P  spin- spin 
coupling  indicates  that  phosphine  ligand  dissociation  is  slow  on  the  51 P  NMR  time 
scale  at  20*C. 

Attempts  to  prepare  trflnr-{Rhl(COXPPh,)2l  by  metathesis  from  trans- 
(RhCl(COXPPh3)2l  in  the  absence  of  free  phosphine,  in  air  and  light,  yielded  a 
brown  oil  which  crystallised  on  freezing  in  liquid  nitrogen.  Microanalysis  and 
infrared  spectra  were  consistent  with  the  formula  [RhlfOjXOPPh,)- 2H20],.  The 

TABLE  I 

INFRARED  STRETCHING  FREQUENCIES  OF  |RhX(CO)(PArj)  2)  (II)  AND  (Rh  2X  ;tCO);<PAr,  )2 ) 
(HI) 


Complex 

X 

Ar 

r(CO)(cm~  ’) 

Nujol  mull  * 

►(CO)  (cm ' 1 ) 
solution  mA 

ii 

a 

Ph 

1965 

[9*0 

Br 

Ph 

1969 

1980 

1 

Ph 

1969' 

1985 

l»80(s)‘‘.2025(w)/ 

a 

Q— 

1963 

1976 

Br 

O 

1967 

1980 

1 

o- 

19*5 

19*0  '.2032  ' 

in 

a 

Ph 

19*0(i)',2023<w)'. 

19*0  '■‘.2023"' 

2090(w)" 

1 

Ph 

1974' 

1980' 

1 

o- 

1976 '.2020  ( 

“wear  Isomers  except  where  stated.  *  Chloroform  except  where  otherwiic  indicated,  ‘to  Isomer 
*  Absorption  due  to  both  monomeric  II  end  msu-dimeric  111  (footnote  r )  ditner  formation. 
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photoproduct  [RhCl(O2XOPPh3)047]t  has  previously  been  isolated  [6)  from  UV 
irradiation  of  //,onj-{RhCl(COXPPhj)2].  In  the  presence  of  phosphine,  trans- 
{RhI(COXPPh3)2]  is  not  photo-oxidised,  indicating  that  this  reaction  proceeds  along 
a  dissociative  mechanism  (Scheme  2).  The  added  phosphine  was  isolated  at  the  end 

[  Rhl( CO)(  PPh 3  )2  ]  solvated  Rh  +  02 -*  oxidised  products 

SCHEME  2 


of  the  reaction,  and  this  also  had  not  been  oxidised.  The  sensitivity  to  oxygen  of 
irans-{ RhX( COX PA.r3 )  2  ]  is  dependent  on  both  phosphine  and  halide.  The  complexes 
with  X  «  Cl  are  more  stable  to  oxidation  than  those  with  X  -  Br  or  !.  When  X  ■*  Br, 
the  ease  of  oxidation  is  dependent  on  the  phosphine  in  the  order:  Ar  «/>-PrQH4  > 
p-EtC^H4  ~  Ph.  Attempts  to  prepare  II  (X  -  Br,  Ar  ”  p-PrC^H,)  by  metathesis 
from  the  chloride  yielded  an  oil  showing  no  carbonyl  absorption  in  the  infrared 
spectrum.  In  this  case  the  product  was  found  to  crystallise  from  benzene/ethanol 
and  gave  microanalysis  and  IR  spectra  consistent  with  the  formula  [RhBr(02)P(  p- 
PrQH4),}],.  The  decarbonylation  may  occur  via  a  photo-oxidation  to  carbon 
dioxide  [6]  or  via  loss  of  carbon  monoxide  from  an  oxidised  rhodium(lll)  species 
such  as  V.  Decar bonylations  are  known  to  occur  easily  from  six-coordinate 
rhodium(IN)  complexes  [10], 

Identification  of  [RhI(COXPPhj)2]  was  complicated  by  the  existence  of  two 
isomers  in  the  solid  state.  Similar  isomerism  of  [RhCI(COXPPh,)2]  has  previously 
been  reported  in  the  literature  (It}.  Both  the  thermodynamically  more  stable 
irons- isomer,  la,  and  a  less  stable  ctr-isomer,  lb,  can  be  obtained  in  pure  form  and 
may  be  distinguished  by  their  infrared  absorptions  in  the  carbonyl  region,  where  the 
trans-isomer  absorbs  at  1965  cm" 1  and  the  cis- isomer  at  1978  cm" 1  (both  in  Nujol 


o 

Ifi 

C  wtr3 

Rh  Rh 

PAr,  C 

II 

O 

(V) 


OC^  ^  PPh3  Phj ^CO 


(lit) 


(lb) 


mulls).  The  two  isomers  of  [RhI(COXPPhj)2]  have  been  separately  reported  in  the 
literature  previously  but  not  recognised  as  isomers;  ila  was  reported  as  having 
r(CO)  at  1985  cm" 1  (Nujol  mull)  [12]  and  lib  was  reported  [2]  as  having  r(CO)  at 
1968  cm" ',  in  chloroform  solution  r(CO)  has  been  reported  as  being  at  1981  cm " 1 
[13],  Halide  exchange  of  >ran*-{RhCKCOXPPh,)2)  at  room  temperature  was  found 
to  give  isomer  Ila,  which  has  a  carbonyl  absorption  at  1985  cm"1  (Nujol  mull), 
whilst  an  otherwise  identical  reaction  carried  out  at  0°C  yielded  lib  which  has  a 
carbonyl  absorption  at  1969  cm  " 1  (Nujol  mull).  Over  a  period  of  one  month  at  room 
temperature  in  the  solid  state,  the  thermodynamically  less  stable  cis  isomer,  lib, 
converts  to  Ila;  at  room  temperature  in  chloroform  solution  this  occurs  within  the 
time  required  for  dissolution. 
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The  dissociative  equilibria  discussed  in  this  paper  complicate  the  study  of  the 
oxidative  addition  of  alkyl  halides  to  II.  where  X  -  I  and  Br.  when  bulky  aryl 
phosphines  are  coordinated  to  the  rhodium. 
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Chapter  4 


Tha  Influence  of  Extreme  Solubility  and  Long  Alkyl  Chalna 
on  the  Catalysts  Proper t lee  of  Tertiary  Phoephlne  Complexes 
of  Khodlum(I),  Palladlun(II)  end  Platlnum(II) 


It  wee  of  considerable  interest  to  determine  whether  the  presence  of  the 
lone  alkyl  chains  on  the  tertiary  phosphines  modified  In  any  way  the  catalytic 
proper tier  of  their  transition  metal  complexes.  In  particular  it  was  hoped  that 
the  steric  bulk  of  the  resulting  phosphines  might  enhance  the  selectivity  of  their 
complexes.  This  was  exsmined  first  by  looking  at  the  ratio  of  normal  to  branched 
aldehyde  formed  when  1-hexene  was  hydrofomylated  in  the  presence  of  (RhCl(CO) (PR3)2 
This  reset ion  (reaction  1)  Is  of  considerable  interest  since  the  normal  aldehyde 


CHCH“CH  +  00 
4  9  2 


C4H9CHaCHaCB0  ♦  C4H#CHCH3 

CHO 


(1) 


is  valuable  whereas  the  branched  aldehyde  Is  of  little  commercial  value.  As 
reference  1  shows  we  found  that  the  replacement  of  PPhg  by  PCc8H4C4Bg~£^  3  enhanced 
the  ratio  of  normal  to  branched  aldehyde  by  a  factor  of  1.7  without  significant 
loan  of  yield. 

A  second  catalytic  system  that  has  been  Investigated  In  some  detail  Is  the 
selective  hydrogenation  of  the  dl-  and  trl-oleflns  methyl  llnoleste  and  methyl 
llnolenate  to  the  corresponding  mono-oleflns.  This  reaction  la  of  considerable 
commercial  Interest  since  the  resulting  mono-oleflns  are  Important  components  of 
margarine.  It  Is  commercially  essential  that  the  hydrogenation  does  not  proceed 
all  the  way  to  the  alksne,  since  the  latter  Is  not  digestible.  Accordingly  the 
selective  hydrogenation  of  poly-olefins  to  mono-oleflns  provided  a  commercially 
useful  situation  In  which  to  examine  the  influence  of  long  alkyl  chain  tertiary 
phosphines  on  the  selectivity  cf  a  reaction  as  well  as  lnvestlgsting  whether  the 
use  of  such  phosphines  would  enable  the  solvent  to  be  dispensed  with  by  allowing 
the  natural  polyolefin  to  act  as  Its  own  solvent.  The  results,  described  in 
references  2  and  3  show  that  the  pslladlum(II)  and  platlnum(II)  complexes 

,  M  *  Pd.Pt,  in  association  with  tln(II)  chloride  are  effective 
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catalysts  for  tbs  selective  hydrogenation  of  poly-olefins  to  nono-oleflns .  The 
activity  of  tbs  platinun(II)  tsrtlary  aryl  pbospblns  catalysts  Is  enhanced  by 
replacing  tbs  para-hydrogen  by  an  alkyl  group,  an  snbancsnsnt  which  Is  greater 
when  that  alkyl  group  Is  n-butyl  than  when  It  Is  an  ethyl  group. 

When  the  poly-olefln  was  used  as  its  own  solvent,  the  activity  of  the 
platlnun(IX)  complexes  Is  greatly  enhanced.  Not  only  Is  this  observation  of 
considerable  coaoeercial  interest,  when  coupled  with  exactly  the  reverae  observ¬ 
ation  in  the  case  of  the  palladlus(II)  case,  It  provides  a  greater  understanding 
of  the  lntlnate  nechanisas  of  these  reactions,  In  particular  the  role  of  the 
solvent,  than  has  hitherto  been  available.  This  is  discussed  at  the  end  of 
reference  3. 
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Short  Communication 


Complexes  of  Long  Alkyl  Chain  Tertiary  Phosphines 

Part  2  [11.  Hydroformylation  of  1 -Hexene  in  the  Presence  of  [RhCl(CO)L2] 
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Department  of  Chemistry  and  Metallurgy,  Royal  Military  College  of  Science,  Shriuenham, 
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The  hydroformylation  of  olefins  to  yield  either  aldehydes  or  alcohols  is 
a  commercially  important  reaction  [2  -  4] .  Commercial  interest  focuses  on 
the  ratio  of  linear  to  branched  products  formed,  with  the  emphasis  on  maxi¬ 
mising  the  proportion  of  linear  product  [5  -  6] .  We  have  recently  described 
the  synthesis  of  two  series  of  tertiary  phosphines,  P(n-CmHIm*,),  where  m  = 
10  - 19  and  (n-C,Hjl+1-©-)ap  where  1  =  3-9,  together  with  some  of  their 
complexes  of  rhodium(I)  [7  -  91 .  These  phosphines  have  rather  different 
solubility  properties  from  those  previously  available;  in  particular,  they  are 
extremely  soluble  in  hydrocarbon  solvents. 

It  was  of  interest  to  examine  the  rhodium(I)  complexes  of  these  phos¬ 
phines,  [RhCl(CO)La]  where  L  “  phosphine,  to  determine  the  effect  of 
having  long  alkyl  chains  on  the  ratio  of  linear  to  branched  aldehydes  pro¬ 
duced  by  the  hydroformylation  of  1-hexene. 

7>uns-[RhCl(CO)L2]  were  prepared  as  described  previously  [1] . 

1 -Hexene  was  redistilled  before  use.  Hydrogenations  were  performed  in  a 
250  ml  glass-lined,  stainless  steel  autoclave  built  by  Baskerville  and  Lindsey. 
A  solution  of  1-hexene  (42  ml)  and  traru- [RhCl(CO)L2]  (4.5  X  10~4mol) 
in  benzene  (50  ml)  was  heated  to  80  V  and  stirred  under  an  initial  atmo¬ 
sphere  of  carbon  monoxide,  which  was  then  replaced  by  a  1 :1  atmosphere 
of  carbon  monoxide  and  hydrogen  at  an  initial  pressure  of  either  80  or  100 
atmospheres  (see  Table  1).  Stirring  at  80  %  was  continued  for  4  h  before 
the  reaction  mixture  was  analysed.  Frequent  control  experiments  without 
catalyst  were  carried  out  to  confirm  that  no  residual  active  catalyst  had  been 
deposited  on  the  walls  of  the  autoclave.  In  these  control  experiments  no 
hydroformylation,  isomerisation  or  hydrogenation  of  1-hexene  took  place. 

The  reaction  mixtures  were  analysed  using  a  Pye  104  gas  chromatograph 
fitted  with  a  3  mm  bore  glass  capillary  column  containing  OV17  as  the  sta- 
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tionary  phase.  The  injection  block  and  flame  ionisation  detector  were  held 
at  100  °C  and  the  oven  temperature  programmed  for  a  six  minute  hold  at 
25  °C  followed  by  an  increase  of  12  °C/min  up  to  100  °C.  This  programme 
enabled  1-hexene,  cis-2-hexene,  trans-2-hexene,  hexane,  benzene,  2-ethyl- 
pen  tan  al,  2-methylhexanal  and  heptanal  to  be  separated. 

The  object  of  the  present  work  was  to  examine  the  influence  of  having  a 
long  alkyl  chain  as  part  of  the  tertiary  phosphine  on  the  linear  to  branched 
selectivity  of  (RhCl(CO)Lj]  -catalysed  hydroformylations.  In  order  to  inves¬ 
tigate  this,  hydroformylations  were  not  taken  to  completion  but  were  ana¬ 
lysed  after  four  hours.  In  this  way  it  was  possible  to  examine  the  propensity 
of  the  catalyst  for  promoting  1  -hexene  isomerisation.  This  is  an  important 
parameter  in  the  hydroformylation  since  the  hydroformylation  of  internal 
olefins  inevitably  leads  to  branched  aldehydes.  It  is  apparent  from  Table  1 
that  the  trialkylphosphines  tend  to  promote  olefin  isomerisation  more  than 
do  the  triarylphosphines,  and  that  within  the  trialkylphosphines  the  order 
ofincieasing  olefin  isomerisation  is  (n-ClgHM)JP<  (n-CgH17),P<  (n-C4H»)aP, 
whilst  within  the  triarylphosphines,  (p-RCgH4  )SP,  the  order  of  increasing 
olefin  isomerisation  is  R  *  n-CsHn  <  n-C4HB  <  n-CaHs  <  H.  Both  series 
show  a  systematic  decrease  in  olefin  isomerisation  with  an  increase  in  alkyl 
group  chain  length.  It  is  tempting  to  ascribe  this  to  the  increasing  steric 
demands  of  the  longer  alkyl  chains  inhibiting  coordination  by  the  more 
sterically  demanding  2 -hexene.  However,  it  is  possible  that  other  factors, 
including  both  electronic  and  solvation  effects,  are  equally  important.  In 
all  cases  trans-2-hexene  was  found  to  be  present  in  greater  amount  than  cit- 
2 -hexene.  This  could  be  due  to  many  factors  including  the  fact  that  cis-2- 
hexene  is  hydroformylated  more  rapidly  than  the  trans-isomer  [9]  and 
therefore  is  consumed  faster. 

Carbon  monoxide  was  introduced  into  the  catalyst  solution  before  the 
addition  of  hydrogen  to  minimise  hydrogenation  as  well  as  isomerisation  of 
the  olefin.  A  small  amount  of  hexane  was  formed  when  tris(pora-ethylphenyl)- 
phosphine  wss  used,  although  none  was  formed  in  the  presence  of  triphenyl- 
phosphine.  Trivial  amounts  of  hexane  were  formed  in  the  presence  of  other 
phosphines. 

The  yield  of  aldehyde  (see  Table  1)  depends  upon  the  phosphine  present 
in  the  order  (n-CgHgIgP  >  PPhj  -  P(C,H4Et-p),  >  P(C»H4Bu-p),  » 
P(CgH4CiH11-p)i,  and  (n-C4Hg)gP  »  (n-CgH17)jP  »  (n-ClfH*g)jP.  Since 
the  electron  donor  properties  of  phosphorus  in  P(CgH4Bu-p),  and 
P(C*H4CsHu-p)j  are  expected  to  be  very  similar  (the  phosphorus  atoms 
have  identical  ,,P  n.m.r.  chemical  shifts)  [8] ,  and  the  electron  donor  prop¬ 
erties  of  the  three  trialkylphosphines  are  also  expected  to  be  similar  to  each 
other,  the  dependence  of  the  yields  of  aldehydes  on  the  alkyl  group  chain 
length  is  ascribed  to  a  combination  of  steric  and  solvation  effects.  The 
greater  yield  of  aldehydes  obtained  in  the  presence  of  fran*-[RhCl(CO)- 
(PBu,),)  as  compared  with  trons-[RbCl(COKPPhs)s)  “  noteworthy,  since 
the  addition  of  PBu,  to  [RhH(COKPPh*)sl  (Ives  a  catalyst  of  lower  activity 
than  the  addition  of  PPh,  [10] . 
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A  decrease  in  aldehyde  yield  is  paralleled  by  an  increase  in  the  propor¬ 
tion  of  linear  branched  aldehyde.  Thus,  under  the  present  conditions,  in 
which  we  did  not  attempt  to  optimise  the  ratio  of  linear:  branched  aldehyde 
by  adding  excess  phosphine,  for  example,  the  proportion  of  linear:branched 
aldehyde  increases  in  the  order  PPh*  <  P(C#H4Et-p)a  <  P(C»H«Bu-p),  < 
P(C4H4C4Hu-p)4,  and  (n-C4Hs)aP<  (n-C4Hl7),P.  The  optimum  phosphine 
from  the  present  study  is  thus  P(C4H4Bu-p)a  which  gives  a  reasonable  com¬ 
promise  between  yield  and  ratio  of  linear:  branched  product.  Decreasing  the 
pressure  of  hydrogen/carbon  monoxide  from  1 00  to  80  atm  and  decreasing  the 
stirring  rate  from  1000  to  500  rpm  results  in  a  decrease  in  the  yield  of 
aldehyde,  but  an  increase  in  the  ratio  of  linear:branched  product.  This  is 
expected  since,  under  these  conditions,  the  hydrofonnylation  is  more  diffi¬ 
cult,  and  so  the  statically  less  demanding  1-hexene  is  hydroformylated  more 
readily  than  the  statically  mote  demanding  2-hexenes.  The  tame  effect  has 
been  observed  in  the  presence  of  [RhH(CO)(PPh, ),]  and  excess  triphenyl- 
phosphine  [11] .  It  is  noteworthy  that  under  leas  vigorous  hydrofonnylation 
conditions  olefin  isomerisation  still  proceeds  and  so  becomes  the  dominant 
reaction  (see  Table  1  under  L  *  (n-C4H#),P). 

In  conclusion,  the  present  work  demonstrates  that  the  ratio  of  linear: 
branched  aldehydes  formed  by  the  hydrofonnylation  of  1-hexene  in  the 
presence  of  frane-lRhCHCOlLj]  is  enhanced  by  the  presence  of  para-alkyl 
substituents  on  the  phenyl  groups  of  triphenylphosphine.  The  optimum 
compromise  between  the  rate  of  hydrofonnylation  and  the  ratio  of  linear: 
branched  aldehyde  is  obtained  when  n-butyl  substituents  are  present. 
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Summary 

The  complexes  of  a  number  of  trialkyl-  and  triarylphosphines  bearing 
long  alkyl  chains,  (MC12(PRj)2],  M  *  Pd,  Pt;  R  *  n-alkyl,  p-n-alkylphenyl, 
have  been  shown  to  catalyse  selectively  the  reduction  of  methyl  linoleate 
and  methyl  linolenate  in  the  presence  of  tin(II)  chloride  in  benzene- 
methanol  solution.  The  activity  of  the  resulting  catalysts  was  found  to  be 
dependent  on  both  the  nature  of  the  metal  and  the  phosphine  ligand.  Inclu¬ 
sion  of  a  p-n-alkyl  substituent  on  the  phenyl  ring  of  the  phosphine  increased 
the  catalytic  activity  for  the  platinum(II)  compounds  but  gave  a  corre¬ 
sponding  decrease  for  the  palladium(II)  analogues.  The  complexes  eis- 
lPtCl2(PRj)2],  R  ”  n-alkyl  were  poor  catalysts  in  contrast  to  their  active 
palladium(ll)  analogues.  All  palladium(II)  catalysts  slowly  decomposed  to 
form  a  catalytically  inactive  black  precipitate. 


Introduction 

We  have  recently  reported  the  preparation  and  properties  of  a  series  of 
trialkyl-  and  triarylphosphines  bearing  long  alkyl  chains,  PRj  (R  *  n-alkyl, 
p-n-alkylphenyl)  [1,  2]  and  their  Group  VIII  metal  complexes  |2  -  4],  which 
have  unusual  solubility  properties  and,  in  particular,  are  extremely  soluble  in 
non-polar  hydrocarbon  solvents.  As  solvents  play  an  important  part  in  the 
intimate  mechanisms  of  many  homogeneously  catalysed  reactions,  it  was  of 
interest  to  examine  the  catalytic  ability  of  the  transition  metal  complexes  of 
these  new  phosphines,  and  to  observe  how  changes  in  phosphine  structure 
within  a  particular  series  of  complexes  modify  the  overall  catalysis.  Previ¬ 
ously  [5]  we  have  shown  that  when  1-hexene  is  hydroformylated  in  the 
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presence  of  tran*-(RhCl(CO)(PR})2],  R  =  p-n-alkylphenyl,  the  linear  to 
branched  aldehyde  ratio  increased  as  the  p-n  -alkyl  group  was  varied  in  the 
order  H  <  C2H5  <  n-C«H,  <  n-C5H„,  and  when  R  *  n-alkyl  it  again  increased 
as  the  n-alkyl  chain  increased  in  length.  In  the  present  paper  we  examine  the 
ability  of  platinum(II)  and  palladium(Il)  complexes  to  promote  the  selective 
hydrogenation  of  polyenes  to  monoenes. 

Complexes  of  the  type  (MC12(PRj)2],  M  =  Pd,  Pt;  R  *  aryl,  in  the 
presence  of  tin(ll)  chloride  are  known  to  be  selective  homogeneous  catalysts 
for  the  reduction  of  polyenes  to  monoenes  [6,  7]  and  in  particular  for  the 
selective  hydrogenation  of  the  soybean  methyl  esters,  methyl  linoleate 
(methyl  cit-9 ,cis-l 2-octadecadienoate )  [8  - 11]  and  methyl  linolenate 
(methyl  c(s-9,ci*-12,ci*-15-octadecatrienoate)  [12],  These  catalysts  were 
shown: 

(a)  to  cause  reduction  of  all  but  one  double  bond,  except  in  short  chain 
alkenes  where  terminal  double  bonds  may  be  hydrogenated; 

(b)  to  isomerise  cis-double  bonds  to  the  tnms-configuration; 

(c)  to  bring  about  migration  of  double  bonds  along  the  carbon  chain  until 
conjugation  occurs; 

(d)  under  certain  conditions  not  to  effect,  hydrogenation  but  cause  isomeri¬ 
sation  to  a  conjugated  system. 

A  solvent  consisting  of  a  3:2  mixture  of  benzene  and  methanol  was  generally 
used,  but  recognition  of  the  fact  that  not  only  could  methanol  compete  with 
alkene  for  coordination  to  the  metal  but  could  also  act  as  the  source  of 
hydrogen  for  reduction  has  led  other  workers  to  search  for  an  alternative 
solvent  with  limited  success  [7], 

Our  aim  therefore  was  to  study  an  extensive  series  of  long  alkyl  chain 
tertiary  phosphine  complexes  of  palladium! II)  and  platinum(II)  as  homo¬ 
geneous  catalysts  for  the  selective  reduction  of  methyl  linoleate  and  methyl  \ 

linolenate;  first  to  observe,  in  the  presence  of  a  solvent,  the  effects  on  cata¬ 
lytic  activity  of  varying  the  phosphine  ligands  whose  steric  demands  are 
difficult  to  predict,  and  secondly  (13)  to  determine  the  effect  on  catalytic 
activity  of  these  highly  soluble  compounds  when  they  are  dissolved  directly 
in  the  substrate  without  addition  of  extra  solvent. 


Experimental 

Methyl  linoleate  and  technical  grade  methyl  linolenate  were  obtained 
from  Fluorochem  Ltd.  and  freeze-degassed  before  use.  The  compounds 
[MCljtPRslj],  M  ■  Pd,  Pt;  R  -  n-alkyl,  p-n-alkylphenyl  were  prepared 
as  described  previously  (3).  The  monomeric  compound  trons-(  Pd  Cl  2 
{Pfn-CisHj*)}}]]  was  prepared  in  87%  yield  by  the  addition  of  two  equiva¬ 
lents  of  tertiary  phosphine  to  one  equivalent  of  (PdCl2(COD)]  in  chloroform, 
under  nitrogen,  and  stirring  for  1.5  h.  After  removal  of  solvent  and  drying 
under  vacuum,  careful  recry stalliaation  of  the  crude  product  from  a  mixture 
of  ethanol  and  chloroform  (3:2)  yielded  a  brown  amorphous  powder. 
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(Found:  C,  69.9;  H,  12.3;  P,  5.6;  Cl,  4.4.  CMH^PjCljPd  requires  C.  70.9;  H, 
12.3;  P,  4.4;  Cl,  5.0). 

Hydrogenations 

Each  reduction  was  carried  out  identically  using  a  250  ml  stainless  steel 
autoclave  (Baskerville  and  Lindsay)  fitted  with  a  mechanical  stirrer,  electric 
thermostatted  heater  and  sampling  tube.  At  the  beginning  of  each  run  the 
vessel  was  charged  with  substrate  (14  mmol),  metal  complex  (0.65  mmol) 
and  tin(II)  chloride  dihydrate  (1.29  g,  5.7  mmol)  dissolved  in  a  mixture  of 
degassed  benzene  (30  ml)  and  methanol  (20  ml).  The  autoclave  was  flushed 
twice  with  hydrogen  and  pressurised  to  4.05  MN  m  2,  which  was  maintained 
throughout  the  course  of  the  reaction.  The  heater,  stirrer  and  a  stopwatch 
were  then  started  simultaneously  (t  =  0).  A  constant  stirring  speed  of  500 
rpm  was  used,  while  the  heater  required  40  min  to  indicate  a  temperature  of 
90  °C  within  the  vessel.  Care  was  taken  to  ensure  that  the  heating  rate  to 
90  °C  was  the  same  for  each  run,  and  once  this  temperature  was  reached  was 
kept  constant.  After  exactly  3  h  the  stirrer  was  switched  off  and  a  sample 
withdrawn  immediately  for  analysis  by  gas  chromatography.  The  autoclave 
vessel  was  cleaned  thoroughly  at  regular  intervals,  by  using  a  concentrated 
solution  of  triphenylphosphine  in  toluene  and  heating  at  90  °C  under  a  pres¬ 
sure  of  4.05  MN  m~2  of  hydrogen  with  stirring  for  4  h.  Control  experiments 
without  catalyst  were  also  carried  out  periodically  and  the  distribution  of 
products  after  hydrogenation  found  to  be  identical  with  that  of  the  starting 
material. 

Analysis  by  gas  chromatography  was  carried  out  using  a  Pye- Unicam 
204  Chromatograph  equipped  with  a  temperature  programme  controller  and 
a  flame  ionization  detector.  A  glass  column  (9  ft  X  1/4  in)  packed  with  poly- 
(diethylene  glycol  succinate)  on  diatomite  (mesh  size  60  -  80)  was  used  for 
the  separation  of  all  products  at  195  °C.  Peak  areas  were  determined  using  a 
planimeter.  Typical  separations  of  products  for  runs  involving  methyl  lino- 
leate  and  methyl  linolenate  are  shown  in  Figs.  1  and  2  respectively.  It  is 
apparent  from  Fig.  2  that  the  non -conjugated  triene  and  the  cm,  (rant-conju¬ 
gated  diene  have  similar  retention  times  and  cannot  be  resolved. 


Results  and  discussion 

The  complexes  [MC12(PRj)j],  M  =  Pd,  Pt;  R  =  n-alkyl,  p-n-alkylphenyl 
were  found  to  catalyse  selectively  the  reduction  of  methyl  iinoleate  and 
methyl  linolenate  in  the  presence  of  tin(II)  chloride  and  a  3:2  mixture  of 
benzene  and  methanol  under  the  described  conditions.  Hydrogenations 
were  carried  out  using  a  technique  similar  to  that  previously  reported  [6, 8, 
9,  11];  in  order  to  investigate  the  effect  of  changing  the  phosphine  ligands, 
the  conditions  were  chosen  such  that  partially  hydrogenated  esters  were 
obtained. 
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Fig.  1.  Qu  chromatograph  trace  of  methyl  linoleate  after  3  h  with  franc -(PdCljfPfn- 


M*.  2.  Om  chromatograph  brae*  of  methyl  iinoimut*  after  3  h  with  rran»(PdC),{P(n 
Hydrogenation  of  methyl  linoleate 

At  the  end  of  3  h,  the  products  of  the  hydrogenation  of  methyl 
linoleate  consisted  of  a  mixture  of  components  arising  from  the  isomeriza¬ 
tion  and  reduction  of  the  original  non-conjugated  diene  (Table  1).  Each 
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Fig.  3.  Plot  of  the  percentage  composition  u  a  function  of  time  during  the  hydrogenation 
of  methyl  linolcate  in  the  presence  of  c«-[PtCli{P(p-n-C9Hnr-C*H«)j}il  (46  mmol  per 
mol  substrate)',  o,  monoene;  ♦  non-conjugsted  diene;  O,  traru-traiu  conjugated  diene, 
cit- front  conjugated  diene. 


catalytic  precursor  maintained  the  selectivity  of  the  reaction  and  no  fully 
saturated  material  (methyl  stearate)  was  obtained. 

In  order  to  observe  how  the  components  of  the  reaction  medium 
changed  as  a  function  of  time,  the  reduction  using  one  of  the  most  active 
precursors  cts-lPtClj{P(p-n-C9H|»-C6H«)j}j]  was  monitored  over  an  8V4  h 
period  (Fig.  3).  It  is  apparent  that  the  non -conjugated  diene  is  first  iso- 
merised  to  a  mixture  of  c«s,frons-  and  front,  irons -conjugated  dienes,  the 
former  being  produced  faster.  These  are  then  hydrogenated  subsequently  to 
the  monoene  stage  only,  and  again  the  ci»,trans- conjugated  diene  is  hydro¬ 
genated  more  rapidly  than  the  frons,frons-isomer.  This  is  in  keeping  with 
previous  proposals  that  conjugation  proceeds  hydrogenation  (7).  The  overall 
mechanism  is  not  fully  known,  but  the  initial  steps  are  believed  to  arise 
according  to  eqn.  1  (11].  The  SnCl,~  ligand  plays  an  important  role  in  these 
complexes.  It  is  a  good  w-acceptor  and  only  a  modest  o-donor  [14]  and 

♦  BnCij  +  Hj 

(MCMPR,),]  ; - =  (MCl(SnCljKPRj)j]  =~  (MH(SnCljKPRj)j]  (D 

promotes  five-coordination,  allowing  the  olefin  to  enter  the  metal  coordina¬ 
tion  sphere.  In  addition,  it  is  also  a  good  leaving  group,  which  consequently 
promotes  coordinative  unsaturation  at  the  metal  centre  (15]. 
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Inspection  of  the  data  in  Table  1  shows  that  variations  in  the  nature  of 
both  the  metal  and  the  phosphine  ligand  have  a  pronounced  effect  on  the 
catalytic  activity.  It  has  been  noted  previously  [16]  that  palladium(II) 
complexes  of  this  type  are  generally  more  active  than  their  platinum(II) 
analogues.  The  same  was  found  here  (Table  1)  when  the  phosphine  was  PPh3, 
P(n-C4H9)}  or  P(n-Ci4HN)3.  However,  in  the  p)atinum(II)  series,  the  activity 
of  the  catalysts  was  enhanced  when  an  n-alkyl  group  replaced  a  para-hydro¬ 
gen  atom  in  the  phenyl  ring  of  the  tertiary  phosphine  ligand,  whereas  the 
converse  was  true  for  palladium(II).  As  a  result,  when  the  phosphine  was 
P(p-R— C4H4)3  with  R  =  CjHs  or  n-CJI,  the  platinum(II)  complexes  were 
more  active  than  those  of  the  corresponding  palladium(II)  species.  From 
Table  1,  the  order  of  decreasing  activity  for  cis-[  PtCl2(PR3)2)  is: 

R  =  p-n-C4H,-C4H4  >  p-C2Hs— C6H4  >  p-n-C^i C6H4  >  Ph  >  n-C4H,  > 

n-C)4H29  (i) 

In  contrast,  the  palladium(II)  series  showed  a  marked  decrease  in  activity 
on  introducing  a  para-alkyl  substituent,  such  that  the  order  of  decreasing 
efficiency  for  trans-[PdCl2(PR3)2]  becomes: 

R  -  n-C^,  >  Ph  >  p-C2H5— C*H4  >  p-n-C^,  -CjH*  ~  n-C14H2»  (ii) 

During  each  hydrogenation  involving  palladium (II)  compounds,  varying 
amounts  of  a  black  precipitate  were  formed  from  the  decomposition  of  the 
catalyet.  Such  decomposition  is  generally  observed  when  palladium(II)  com¬ 
plexes  are  used  [9].  We  tested  the  activity  of  this  black  precipitate  and,  as 
reported  previously  [9],  we  found  it  to  be  catalytically  inactive.  Accordingly, 
wherever  a  black  precipitate  was  formed  the  observed  hydrogenation  and 
isomerisation  were  assumed  to  arise  prior  to  decomposition.  The  amount  of 
decomposition  product  increased  as  the  p-n-alkyl  chain  lengthened,  and  it 
seems  likely,  therefore,  that  the  decreasing  catalytic  activity  originates  from 
the  diminishing  stabilities  of  the  complex  and/or  catalytic  intermediates. 

In  the  case  of  the  platinum(II)  systems  where  increased  ability  to 
hydrogenate  accompanies  phenyl  ring  substitution,  a  greater  electron  density 
at  phosphorus,  and  hence  at  the  metal  making  the  centre  a  good  nucleophile, 
might  account  for  the  observed  trends.  If  this  is  the  case  then  it  would  be 
expected  that  the  tri(n-alkyl)phosphines  would  increase  activity  still  further 
owing  to  their  greater  basicities  (15].  As  can  be  seen,  this  is  not  the  case. 
Cis-(PtCl2{P(n-C4H9)j}2]  yielded  a  poor  catalyst,  in  agreement  with  previous 
observations  [7,  11,  16],  and  c(f-(PtCl2{P(n-C|4H29)J}2]  was  even  less  effec¬ 
tive.  The  overall  trend  for  the  complexes  ci*-[PtCl2L2]  to  enhance  reduction 
of  methyl  linoleate  followed  the  order: 

L  *  P(n-alkyl)3  <  PPh3  <  P  (p-n-alkyl— C6H4)3  (iii) 

This  is  very  similar  to  the  observation  that  substitution  of  a  phenyl  ring  by  a 
methyl  group  in  triphenyiphosphine  increased  the  activity  of  these  com¬ 
pounds  according  to  the  sequence  [  7] : 
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L  *  P(n-C4H»)3  ~  PMe3  <  PPh3  <  PMePhj  <  PMe2Ph  (iv) 

These  orders  do  not  follow  sequences  of  basicities  relating  to  electronic 
effects  or  cone  angle  size  [17],  and  we  would  suggest  that  the  observed 
activities  arise  from  a  combination  of  both  electronic  and  steric  constraints 
as  previously  proposed  to  explain  the  effects  of  hydroformylations  using  the 
complexes  ci*-(PtG3(CO)(PR3)]  [15].  However,  solvation  effects  may  be 
important  and  indeed  may  be  dominant  in  determining  the  steric  require¬ 
ments  of  die  long  alkyl  chain  phosphines.  It  has  been  suggested  previously 
[7]  that  sequence  (iv)  indicates  that  the  phenyl  ring  plays  some  part  in  the 
reaction.  However,  the  complexes  iran«-[ PdClj{P(n-alkyl)3}2]  yielded  effi¬ 
cient  hydrogenation  catalysts  and  furthermore,  trans-[PdCl2{P(n-C4H9)3}2] 
provided  the  greatest  activity  of  all.  It  seems  therefore  contrary  to  previous 
suggestions  [7]  that  the  presence  of  an  aryl  group  attached  to  the  phosphine 
ligand  is  not  necessary  for  catalytic  activity. 

Hydrogenation  of  methy  linolenate 

We  extended  our  studies  using  a  similar  series  of  paUadium(II)  and 
platinum(II)  tertiary  phosphine  complexes  to  include  the  hydrogenation  of 
the  non-conjugated  triene  methyl  linolenate  under  identical  conditions.  The 
technical  grade  substrate  contained  77.7%  non-conjugated  triene,  20.9%  non- 
conjugated  diene  and  1.4%  monoene.  For  each  run,  a  complex  mixture  of 
products  was  obtained  after  3  h  arising  from  the  extensive  isomerisation  and 
reduction  of  the  substrate,  and  no  methyl  stearate  formation  was  observed 
(Table  2). 

In  order  to  observe  the  change  in  distribution  of  the  products  of  the 
hydrogenation  with  time,  the  reduction  using  two  of  the  most  active  cata¬ 
lytic  precursors  was  sampled  periodically  over  8V4  h  (Figs.  4  and  5).  When 
cis-lPtClitPfp-CjHj— CtHa)^}]  was  used  in  the  presence  of  tin(ll)  chloride 
(Fig.  4)  it  .is  evident  that  tire  non-conjugated  triene  was  first  isomerised  to  a 
mixture  of  a  triene  with  two  double  bonds  conjugated,  and  then  to  a  fully 
conjugated  triene  as  previously  found  when  other  tertiary  phosphines  were 
present  [12],  When  frons-[PdCl2{P(n-C«H»)3}2l  was  used  to  catalyse  the 
same  reaction  at  a  slightly  greater  catalyst :alkene  ratio,  the  isomerisation 
was  much  slower;  this  was  found  to  be  the  case  for  all  palladium(U)  com¬ 
plexes  (Table  2).  Furthermore,  the  palladiuro(U)  species  slowly  decomposed 
to  a  catalytic  ally  inactive  black  precipitate,  total  decomposition  being  com¬ 
plete  within  476  min.  Although  the  rate  of  isomerisation  of  the  triene  was 
slower  with  palladium(II),  the  initial  rate  of  formation  of  monoene  was 
faster  than  with  the  platinum(II)  compound.  This  would  suggest  that  the 
former  is  more  efficient  for  catalysing  the  reduction  of  the  diene  to  mono¬ 
ene,  which  parallels  the  results  obtained  for  the  hydrogenation  of  methyl 
linoleate  in  which  (PdCl2{P(n-C4H9)3}2]  yielded  the  most  active  catalyst. 

The  relative  activities  of  the  tertiary  phosphine  complexes  with 
changing  ligand  (Table  2)  show  trends  similar  to  those  found  for  the  hydro¬ 
genation  of  methyl  linoleate  such  that  the  order  of  decreasing  efficiency  for 
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Fif .  4.  Plot  of  the  percentage  composition  as  a  function  of  time  during  the  hydrogenation 
of  methyl  linolenate  in  the  practice  of  cfl'{PtCl1{P(p-C2Hs— C<H4)}}2)  (35  mmol  per  mol 
substrate);  O,  diene;  X,  monoene;  tram-trani  conjugated  diene;  triene  with  two 
double  bonds  conjugated;  +,  triene;  o,  conjugated  triene. 
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Fig.  S.  Plot  of  the  percentage  composition  as  a  function  of  time  during  the  hydrogenation 
of  methyl  linolenata  In  the  presence  of  frens  [Pda2{P(n-C«H») j}2 )  (46  mmol  per  mol 
substrate);  diene;  &,  trons-tnane  conjugated  diene;  monoene;  o,  triene  with  two 
double  bonds  conjugated;  ♦,  triene;  X,  conjugated  triene. 
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cis-[PtCl2(PR3)2]  is: 

R  =  p-CjH5-C4H4  >  p-n-CjHjj— CtH4  >  Ph  >  n-CgH17  (v) 

and  for  tran«-{PdCI2(PR3)2]  is: 

R  =  n-C«H9  >  Ph  >  p — CjHj— -CjH*  >  n-C»Hl7  >  p-n-C»H l9-C*H4  (vi) 

Thus,  introduction  of  a  p-n-alkyl  substituent  on  the  phenyl  rings  of  the 
tertiary  phosphine  increased  the  activity  for  platinum(II)  but  decreased  it  for 
paUadium(II).  It  is  interesting  to  note  that  cis-[  PtCl2{P(n-CgH17)3}2]  gave  a 
reasonably  efficient  catalyst,  at  least  as  active  as  the  palladium (11)  analogue, 
while  tnwa-{PdClj{P(n-C^I9)3>j]  again  yielded  one  of  the  most  active  com¬ 
pounds. 

In  conclusion,  it  would  appear  that  a  relationship  between  catalyst 
activity  and  ligand  properties  for  both  platinum(II)  and  palladium(II)  is  not 
a  simple  one,  and  that  there  may  be  inherent  differences  in  the  mechanism 
depending  on  the  metal.  The  catalytic  efficiency  may  well  depend  on  a 
number  of  contributing  factors,  not  least  of  all  the  nature  of  the  solvent. 
Indeed  the  hydrogenation  of  methyl  linoleate  is  known  to  proceed  nearly  six 
times  faster  in  the  non-coordinating  solvent  dichloromethane  than  in  a 
methanol- benzene  mixture  [11].  Other  factors  include: 

(a)  the  relative  basicity  of  the  ligands  affecting  the  M— H  bond  strength; 

(b)  steric  effects  of  the  phosphine  ligands  which  may  be  shown  by  the  differ¬ 
ence  in  activity  using  the  complexes  cis-[PtCI2{P(p-n-C4H9— CsH4)3}2]  and 
cis-[PtCl2{P(p-n-C,H,9— C6H4)3}2]  as  well  as  fiwn*-{Pda2{P(n-C4H,)J>2]  and 
trans-[PdCl2{P(n-Cl4H29)3}2]  in  the  methyl  linoleate  study.  The  decrease  in 
each  case  presumably  originates  from  steric  hindrance  caused  by  the  alkyl 
chain  about  the  metal  centre.  This,  however,  is  not  so  great  as  to  inhibit 
completely  interaction  with  the  olefin  substrate. 

(c)  The  ability  of  the  phosphine  complex  to  coordinate  reversibly  to  any 
solvent  present.  These  features  may  be  of  differing  importance  for  pal- 
ladium(II)  and  platinum(II),  this  point  being  highlighted  by  cis-[PtCl2{P- 
(n-C4H9)3}2]  and  trons-[PdCl2{P(n-C4H9)3}2]  which  show  the  two  extremes 
of  catalytic  activity.  Since  solvent  plays  a  profound  part  in  these  catalytic 
systems  [6,  7,  18]  and  may  even  furnish  the  source  of  hydrogen  necessary 
for  reduction  [9, 11],  predicting  the  relative  activity  of  such  compounds  will 
prove  difficult  until  the  nature  of  the  complex- solvent  interaction  can  be 
established. 
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Summary 


The  complexes  {MQ^PR})]],  M  “  Pd,  Pt;  R  *  n-aikyl,  p-n-alkylphenyl, 
in  the  pretence  of  tin(II)  chloride,  have  been  used  to  catalyse  selectively  the 
hydrogenation  of  methyl  linoleate  ir>  the  absence  of  solvent.  A  precipitate 
remained  at  the  end  of  each  run,  the  nature  of  which  depended  on  the 
solubility  of  the  catalyst  The  activity  of  the  pUtin um(  II)  specie*  was  greatly 
increased  hi  the  absence  of  solvent;  conversely,  the  palladium)  II)  compounds 
required  the  presence  of  a  solvent  such  as  methanol  in  order  to  function  effi¬ 
ciently  as  catalysts,  in  only  two  cases  was  any  decomposition  of  palladium)  II) 
complexes  observed  and  was  found  to  be  much  less  than  in  previous  exper¬ 
iments.  In  the  H0it  of  the  man  Ha  obtained  with  and  without  added  solvent, 
the  role  of  awthaaol  end  the  nature  of  the  rate-limiting  step,  which  was 
found  to  be  dtffteant  for  pledmmrill)  end  pehadium(II),  are  discussed. 
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noted  in  the  reduction  of  polyenes  using  [RhCl(PPh3)3],  in  which  changing 
the  solvent  altered  not  only  the  rate  of  hydrogenation  but  also  the  selectivity 
[2].  Furthermore,  the  presence  of  a  solvent  such  as  methanol  is  sometimes 
necessary  for  reduction  to  occur  [3].  The  nature  of  the  solvent  was  observed 
to  affect  the  rate  of  hydrogenation  of  1,5-cyclooctadiene  using  cis-[PtCI2- 
(PPh3)3l  and  tin(II)  chloride  such  that  the  observed  rate  decreased  according 
to  the  following  sequence  [4  -  6): 


CHjCOjH  -  CHjCOjH-CHjCIj  >  CHjCOjH-CjH*  >  CH2C12  > 
CH3CO3H-(CHj)20O  >  CHjOH-C^H, 


Methanol  has  been  shown  to  coordinate  to  palladium(ll)  [7]  and  platinum(II) 
[8]  and  indeed  was  used  as  the  source  of  hydrogen  for  the  selective  reduction 
of  soybean  methyl  esters  with  [MC12(PR3)2],  M  -  Pd  [9, 10],  Pt  [11]  in  the 
presence  of  tin(II)  chloride  via  formation  of  a  metal  hydride  intermediate 
(eqn.  1). 


-M-a  +  CHjOH  -  — fli— H  +  HCHO  +  HC1 


(1) 


This  reaction  is  to  be  expected  since  platinum(II)-chloro  complexes  are 
known  to  form  hydride  complexes  with  alcohols  [12]. 

The  tertiary  phosphine  complexes  containing  long  alkyl  chains,  [MC12- 
(PR3)j),  M  -  Pd,  Pt;  R  »  n-alkyl,  p-n-alkylphenyl,  prepared  in  our  laboratory 
[13],  were  found  to  be  appreciably  soluble  in  the  substrate,  methyl  linoleate. 
Thus  it  was  of  interest  to  observe  how  effective  these  complexes  were  in 
selectively  catalysing  the  hydrogenation  of  methyl  linoleate  in  the  absence  of 
added  solvent.  Furthermore,  their  relative  catalytic  activities  have  already 
been  determined  in  a  benzene- methanol  solvent  system  [1],  and  therefore  it 
may  be  passible  to  learn  more  about  the  role  of  the  methanol  in  these  cata¬ 
lytic  reactions. 


Experimental 

The  nature  of  the  polyenes,  preparation  of  the  complexes  and  gas 
chromatographic  analyses  were  as  previously  described  ( 1, 13]. 

Hydrogtnation* 

The  reductions  were  carried  out  as  before  [1]  using  a  250  ml  stainless 
steel  autoclave  (Baskerville  and  Lindsay)  fitted  with  a  glass  liner,  mechanical 
stirrer  and  electric  theimostatted  heater.  At  the  beginning  of  each  run  the 
Hner  was  charged  with  methyl  linoleate  (10  g,  34  mmol),  metal  complex 
(0.33  mmol)  and  tin(II)  chloride  dihydrate  (0.64  g,  2.8  mmol).  The  auto¬ 
clave  was  flushed  twice  with  hydrogen  and  pressurised  to  4.06  MN  m~2.  A 
constant  pressure  and  stirring  speed  (500  rpm)  was  maintained  for  3  h,  while 
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the  heater  required  40  min  to  attain  a  steady  temperature  of  90  °C.  At  the 
end  of  each  run  a  sample  was  withdrawn  for  analysis  by  gas  chromatography. 
The  glass  liner  was  cleaned  thoroughly  in  chromic  acid  before  each  new 
experiment,  and  control  runs  carried  out  as  previously  described  {!]. 


Results  and  discussion 

The  hydrogenation  of  methyl  linoleate  in  the  presence  of  [MC1j(PR3)2], 
M  «  Pd,  Pt;  R  *  n-alkyl,  p-n-alkylphenyl  and  tin(II)  chloride  without  solvent 
was  carried  out  using  a  very  low  catalyst  to  polyene  ratio  (10  mmol  per  mol 
substrate)  compared  to  the  previous  runs  performed  in  the  presence  of  added 
solvent,  where  a  ratio  of  46  mmol  per  mol  polyene  was  used  [1],  This  was 
done  in  order  to  achieve  conditions  which  gave  partially  hydrogenated  esters. 

For  each  catalytic  run,  a  mixture  was  obtained  resulting  from  the 
isomerisation  and  reduction  of  methyl  linoleate  (Table  1).  In  only  one 
instance  using  the  most  active  precursor,  cis-  { PtCl2  (p-n-C,H,  — )  2]  was 
any  saturated  material  observed;  however,  this  constituted  less  than  1%  of 
the  total  products.  At  the  end  of  each  run  a  precipitate  always  remained. 
Sometimes  this  contained  only  excess  tin(Il)  chloride,  shown  to  be  catalyt¬ 
ic  ally  inactive  for  hydrogenation  under  these  conditions  [5],  When  the  phos¬ 
phine  was  PPh},  P(p-CjH(— CjH*)*  or  Pfn-CsH*),  a  metal(II)  complex  was  also 
present  in  the  precipitate.  However,  the  observation  of  some  hydrogenation 
in  the  presence  of  both  the  plathnim(U)  and  palladium(II)  complexes  of 
these  phosphines  suggests  that  during  the  reaction  at  90  °C  some  of  these 
compounds  dissolve,  at  least  partially.  Only  in  the  cases  of  palladium! II)  with 
Plp-n-CyH,,— and  P(n-C(H|7)s  wete  any  decomposition  products  ob¬ 
served,  and  in  both  instances  it  was  far  less  than  in  tire  presence  of  ben  sene- 
methanol  solvent  [1].  The  infrared  spectre  of  the  insoluble  complexes 
remaining  after  hydrogenation  were  similar  to  their  spectra  before;  in 
particular,  no  bands  attributable  to  v(M— H)  were  detected. 

The  data  obtained  without  added  solvent  in  the  presence  of  the 
platinum(II)  complexes  and  tin(II)  chloride  followed  trends  similar  to  the 
reduction  in  benzene- methanol  solvent,  activity  decreasing  in  the  order  of 
phosphine  ligands: 


Ptp-n-CaH*— CaHaJj  >  P(p-n-CjH  h"C(H4)j  >  Plp-CjHj^iHJj  >  j 

P(n-C*Hn)j  >  PPhj  >  P(n-C«H9)3  >  P(n-C  1^33)3 

The  difference  in  the  position  of  P(p-CjH5— in  the  presence  of  added  ] 

solvent  was  presumably  due  to  Ha  limited  solubility  in  the  pure  substrate.  j 

However,  the  moat  striking  feature  of  the  results  was  that  although  the  5 

catalyst  .polyene  ratio  was  about  one-fifth  of  that  used  previously  in  benxene-  j 

methanol,  the  activity  of  the  catalysts  was  greatly  increased.  Although  this  j 

applied  to  both  triatkyl-  and  triarylphosphine  complexes,  it  was  particularly  \ 

noteworthy  for  the  former  which  were  almost  totally  inactive  when  solvent  I 
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was  present.  In  contrast,  the  palladium!  II)  species  were  almost  completely 
inactive  in  the  absence  of  benzene-methanol,  although  trons-[PdCl2{P(p-n- 
C*H„— C*H„)jh],  which  showed  only  modest  activity,  was  an  exception. 
This  may  well  have  resulted  from  its  greater  solubility  in  the  substrate  com¬ 
pared  to  the  others.  However,  this  complex  was  far  less  active  than  its 
platinum(II)  analogue  and  showed  only  a  slight  tendency  to  decompose.  Par¬ 
ticularly  noticeable  was  the  decreased  catalytic  efficiency  of  fnwi»-[PdCl2- 
{P(n-C4H9)3}2J,  which  gave  the  most  active  catalyst  in  benzene-methanol.  It 
might  be  argued  that  this  was  due  to  its  lower  solubility  in  the  neat  substrate; 
however,  neither  cie-[PtClj(PPhj)2]  nor  cis-[PtCI2  {PCp-CjHj-C^jJj]  dis¬ 
solved  completely  but  both  were  catalytically  active.  The  activity  of  the 
palladium(II)  complexes  decreased  according  to  the  order  of  phosphine 
ligand: 

P(p-n-C,HI9-C*H4)3  >  Ptp-CjHj-Cyi^j  -  PPh3  -  P(n-C4H,)j  - 

P(n-CgHi7)j 

The  results  obtained  from  the  hydrogenations  in  the  presence  and 
absence  of  solvent  suggest  that  there  are  differences  in  the  detailed  mecha¬ 
nisms  for  palladium(II)  and  platinum(II).  Thus:  (a)  palladium(II)  complexes 
were  generally  inactive  in  the  absence  of  benzene-methanol,  whereas  plati¬ 
num!  II )  species  were  more  active  in  the  absence  of  solvent  (b)  Much  less 
decomposition  of  palladium(II)  complexes  occurred  in  the  absence  of  added 
solvent  This  supports  the  earlier  suggestion  [14]  that  an  unstable  inter¬ 
mediate  complex  involving  methanol  is  necessary  for  activity,  since  the 
instability  of  the  paUadium(lI)  complexes,  trans-[Pda2!PR3)2] ,  relative  to 
their  platinum(II)  analogues  is  not  thermal. 

The  differences  may  be  accounted  for  by  consideration  of  the  proposed 
mechanism  (Scheme  1)  [5, 6, 10, 11, 15, 16].  This  involves  three  stages;  for¬ 
mation  of  a  metal  hydride,  production  of  a  metal  alkene  and  interaction  of 
the  hydride  and  alkene  ligands.  Generation  of  the  metal  hydride  can  either 
involve  hydrogen  gas  or  methanol  as  the  hydride  source.  Hydrogen  gas  can 
react  with  [MC12L2]  to  form  [MHC1L2]  either  by  oxidative  addition  (Scheme 
2,  steps  1  and  4)  followed  by  reductive  elimination  of  HC1  (steps  2  and  5),  or 
alternatively  by  heterolytic  fission  of  H2  (steps  3  and  6)  [17].  Oxidative  addi¬ 
tion  is  known  to  be  much  easier  for  platinum(H)  than  palladium(II)  [18]. 
Heterolytic  fission  of  H2  is  more  likely  in  the  case  of  palladium(II).  This 
would  be  promoted  by  the  presence  of  a  polar  solvent  such  as  methanol.  In 
addition  to  hydrogen  gas,  methanol  can  act  as  the  hydride  source  through 
eqn.  1,  and  indeed  both  platinum(II)  and  paUkdium(II)  complexes  have  been 
found  to  be  nearly  as  active  in  the  reduction  of  soybean  esters  in  methanol 
under  nitrogen  as  under  hydrogen  [6, 9, 11],  The  relative  importance  of 
methanol  and  gaseous  hydrogen  aa  the  source  of  hydride  depends  not  only 
on  the  metal  and  the  ligands  but  also  on  the  reaction  conditions.  For  example, 
when  cis-[PtC32(AsPhj)2]  was  used  for  the  isomerisation  of  1, 5-hex adiene  in 
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methanol- benzene  under  one  atmosphere  of  deuterium  gas,  then  no  deuterium 
was  incorporated  in  the  product  [19].  However  when  greater  pressure*  of 
hydrogen  were  used,  it  eras  suggested  that  the  solvent  was  an  insignificant 
source  of  hydride  [5].  Certainly,  there  waa  only  one  source  of  hydrogen  in 
our  experiments  without  solvent,  and  the  observation  that  some  reduction 
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and  isomerisation  occurred  in  the  palladium(Il)  systems  without  solvent 
suggests  that  at  least  some  palladium(II)  hydride  complexes  were  formed 
from  hydrogen  gas. 

Metal  alkene  complex  formation  involves  a  substitution  reaction.  Sub¬ 
stitution  reactions  at  pUtinum(Il)  are  slow,  whereas  they  occur  more  rapidly 
at  pelladiura(II)  (18].  A  coordinating  solvent  such  as  methanol  will  compete 
with  the  alkene  for  a  coordination  rite  on  the  metal  [7,  8).  This  would 
account  for  the  reduced  activity  of  platinum(II)  complexes  in  the  presence 
of  coordinating  solvents  found  in  the  present  work  as  well  as  previously  [4, 
5].  The  differences  in  the  activities  of  the  palladium (II)  and  platinum(II) 
complexes  in  the  presence  and  absence  of  added  methanol  observed  in  the 
present  work  are  entirely  consistent  with  the  mechanism  in  Scheme  1  if 
metal  hydride  complex  formation,  which  is  known  to  be  slower  for  palla- 
dium(U)  than  piatinum(Il),  k  rate-limiting  in  the  presence  of  paUadium(II) 
complexes.  If  on  the  other  hand  metal  alkene  complex  formation,  which 
will  be  slower  for  platinum(II)  than  palladium(ll),  is  the  rate-limiting  step  in 
the  presence  of  platinum(II)  then  the  greater  rate*  observed  with  the  plati- 
num(II)  complexes  in  the  absence  of  methanol,  which  competes  with  the 
alkene  for  coordination,  are  explained.  Increasing  the  rate  of  the  alkene  sub¬ 
stitution  step  by  increasing  the  alkene  concentration  to  neat  substrate  will 
not  affect  the  overall  rate  for  palladium(II),  whereas  in  the  caee  of  platinum- 
(II),  where  alkene  substitution  is  rate  determining,  increasing  the  concentra¬ 
tion  of  alkene  will  significantly  enhance  die  rate  as  observed.  Further  support 
for  the  conclusion  that  it  is  platinum] II)  alkene  rather  than  platinum(II) 
hydride  complex  formation  that  is  rate-limiting,  is  provided  by  the  observa¬ 
tion  that  ch-IPta^PPh])}]  and  fnons-[PtHCl(PPhj)2]  are  equally  active 
polyene  hydrogenation  catalysts  [S,  11).  The  present  conclusions  are  con¬ 
sistent  with,  and  extend,  the  previous  conclusion  that  the  rate-limiting  step  is 
the  formation  of  a  metal- alkene- hydride  intermediate  [16]. 


Acknowledgements 

We  thank  Dr.  S.  Franks  for  his  valuable  contributions  in  the  initiation 
of  this  work.  Dr.  D.  Thompson  and  Dr.  P.  N.  Nicholson  for  useful  discus¬ 
sions,  Johnson-Matthey  and  Co.  Ltd.  for  the  loan  of  palladium  and  platinum 
salts  and  the  European  Office  of  the  U.S.  Army  for  financial  support  under 
the  auspices  of  grant  DAERO-79-G-0033. 


References 

1  Put  5,  D.  H.  Goldsworthy,  F.  R.  Hartley  and  8.  G.  Murray,  /  Moi  Catal.,  /#  (1983). 

2  J.  P.  Candlln  and  A  R.  Oldham,  Diteum.  Feredey  Soc,,  46  (1908)  60. 

3  B.  A.  Balkan,  B.  N.  Frankal  and  R.  O.  Butterfield,  /  Am.  Oil  Chtm.  Soc.,  43  (1966) 
14. 

4  H.  ltatani  and  J.  C.  BaiUr,  led.  Eng.  Chtm.  Prod.  Res.  Develop.,  II  (1972)  146. 


73. 


5  H.  A.  Tayim  and  3.  C.  Bailar,  J.  Am  Cham.  Soc.,  £9  (1967)  4330. 

6  J.  C.  Bailar.  Adu.  Chtm  Sar.,  1 73  (1979)  1. 

7  J.  A.  Davies,  F.  R.  Hartley  and  S.  0.  Murray,  J.  Chtm.  Soc.,  Dalton  Trent.,  (1980) 
2246. 

8  M.  H.  Chisholm,  H.  C.  Clark  and  L.  B.  Manser,  Inorg.  Chtm.,  II  (1972)  1269. 

9  H.  Itatani  and  J.  C.  Baiter,  J.  Am.  Oil  Chtm.  Soc.,  44(1967)  147. 

10  J.  C.  Bailar,  J.  Am.  Oil  Chtm.  Soc..  47  (1970)  47S. 

11  3.  C.  Bailar  and  H.  Itatani,/.  Am.  Chtm  Soc.,  89  (1967)1592. 

12  J.  Chatt  and  B.  L.  Shaw,  J.  Chtm  Soc.,  (1962)  5075. 

13  S.  Franks  and  F.  R.  Hartley,  Inorg.  Chim.  Acta,  47(1981)  235. 

14  H.  Bruner  and  3.  C.  Bailar,  Inorg.  Chtm.,  li  (1978)  1466. 

.16  Y.  Fuji!  and  3.  C.  Bailar,  J.  CataL,  58  (1978)  146. 

16  H.  A.  Tayim  and  3.  C.  Bailar,  J.  Am.  Cham.  Soc.,  89  (1967)  3420. 

17  P.  3.  Brothers,  Prof.  Inorg.  Chtm,  28  (1981)  1. 

18  F.  R.  Hartley,  The  Chtmittry  of  Platinum  and  Palladium,  Applied  Science,  London, 
1973. 

19  R.  W.  Adams,  O.  E.  Batley  and  3.  C.  Bailar,  J.  Am.  Chtm.  Soc.,  90  (1968)  6051. 


asHtwvgaftawM 


gggtM  g 

The  Influence  of  Long  Alkyl  Chains  on  thg  ability 
of  Tertiary  Phoaphlne  Complexes  of  Platlnum(O)  end 
Rhodlum(I)  to  Undergo  Oxidation-Addition 

Aa  already  Mentioned  In  the  Introduction  (Chapter  1)  a  najor  goal  for  the 

preaent  work  waa  the  activation  of  alkanea.  A  key  atep  In  thla  la  the  oxldatlve- 

addltlon  of  C-H  bonds  to  transition  aetal  complexes  (this  la  discussed  further  in 

Chapter  7) .  In  the  present  chapter  we  describe  studies  on  the  Influence  of 

long  alkyl  chain  tertiary  phosphines  on  the  ability  of  firstly  platlnum(O) and  secondly 

rhodium II)  complexes  to  promote  oxidative-addition.  These  two  systems  were 

chosen  because  th^ yield  platlnum(ll)  and  rhodlun(III)  alkyl  complexes,  both  of 

1  2 

which  are  known  to  have  an  extensive  chemistry  ’ 

The  ease  of  oxldatlve-addltlon  of  methyl  Iodide  to  [?t(PR3)^J  and  |Pt(PR3)^] 
complexes  was  investigated  In  detail  as  described  In  reference  3.  It  was  found, 
as  expected,  that  trlalkylphosphlnes  promote  oxldatlve-addltlon  more  readily  than 
triarylphosphlnes;  within  both  series  an  increase  in  alkyl  chain  length  decreases 
the  rate  of  oxldatlve-addltlon  probably  due  to  very  apeclflc  and  subtle  solvation 
effects.  The  ease  of  oxldatlve-addltlon  of  |pt(PR3)^]  was  greater  than  of 

The  ease  of  oxldatlve-addltlon  at  rbodlum(I)  has  been  Investigated  in 
considerable  detail  as  described  in  references  4-d.  This  was  not  originally 
Intended.  The  original  ala  was  to  take  a  simple  well  characterised  rhodlua(I) 
system  and  examine  the  effect  of  long  alkyl  chains  In  the  tertiary  phosphine  ligands 
to  see  whether  their  effect  was  the  same  as  that  observed  in  the  case  of  platluua(O) . 
The  system  chosen  for  study  was  that  shown  in  reaction  1  which  had  been  reported 


(*h(PR3)aC1(°0)l  ♦  CH.I 


5h(PB3>acl(C0>  <ca3>Il 

l 

l“,(PB3>3C1<ooa,3>7] 


7 

in  the  literature  In  I960  .  this  syatea  appeared  to  folio*  paeudo-f lrat  order 
kinetics.  It  soon  bee an*  apparent  that  the  systea  was  not  as  staple  as  it  first 
appeared  to  be.  In  particular  only  with  triphenylphosphine  could  be  kinetics  be 
■lataken  for  pseudo  first  order  In  the  presence  of  excess  aethyl  Iodide. 

Accordingly  a  full  non-linear  kinetic  analysis  was  carried  out.  This  is  described 
in  references  4  and  S.  This  suggested  that  the  literature  nechanlsn  was  a 
considerable  overslapli float ion.  However  the  reaction  chosen  (reaction  1)  is 
unnecessarily  complicated  in  that  two  different  halides,  chloride  and  iodide,  are 
present.  It  would  be  such  easier  to  interpret  the  results  if  only  one  halide  were 
present  in  the  reaction.  Since  alkyl  iodides  undergo  oxidative-addition  auch 
more  readily  than  alkyl  chlorides  or  bronldea  the  ideal  systen  would  be  that  between 
aethyl  iodide  and  [5h(PK3) aI (CoYj .  Investigation  of  this  showed  that  [jih(PR3)aI(CO)J 
is  aore  difficult  to  prepare  and  less  stable  than  its  chloro-analogue .  This  systea 
and  the  corresponding  broao-systea  [5h(PR3) aBr(CO)J  are  described  in  aore  detail  in 
Chapter  3  reference  3. 

A  detailed  study  of  the  oxidative-addition  of  aethyl  iodide  to  |Rh(PR3)aX(CO)TJ 
and  {Rh<PR3)X(C0r|2  where  X  =  Cl  and  I,  aethyl  broalde  to  |_Rh(PKtaPh)aBr(Co£]  and 
n-propyl  broaide  to  [RhfPtC^H^Kt-jOgJjBrCOOfj  showed: 

(I)  The  addition  of  alkyl  broaides  is  very  slow. 

(II)  The  ease  of  oxidative-addition  to  the  lodo-coaplexes  la  dlaer  >  aonoaer 
(i.w.  (Rh(PR3)I(C0)3a  >  (Wi(PR3>ar(COji]>. 

(Hi)  The  ease  of  oxidative-addition  to  the  chloro-coaplexee  appears  to  be  very 
slailar  for  the  aonoaerlc  and  diawrlc  complexes. 

(lv)  Iodo-rhodlua(I)  coaplexes  undergo  oxidative-addition  aore  readily  than 
the  corresponding  chloro -coaplexes . 

(v)  The  introduction  of  alkyl  substituents  in  the  para-position  of  coordinated 
triphenylphosphine  enhances  oxidative-addition  at  rhodiua(I);  n-butyl 
substituents  are  aore  effective  than  ethyl  substituents. 

(vi)  Trlalkylphosphlnes  are  aore  effective  than  triaryl phosphines  at  proaotlng 
oxidative- addition  at  rhodlua(I);  alkyl  chains  longer  than  n-butyl  are 
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marginally  lea*  effective  than  n-butyl  itself. 

The  result*  of  this  work  strongly  suggested  that  it  would  be  constructive 
to  exaaine  the  possibility  of  oxidative-addition  of  the  C-Cl  bond  of  Bustard 
to  rhodiuB(I)  as  a  potential  Beans  of  deactivating  Bustard.  This  is  reported 
in  detail  in  Chapter  6. 

(vii)  The  oxidative-addition  of  aethyl  iodide  to  trans-|RhI(CO)(PPh3)^]  in 
air  gives  I  as  shown  in  equation  2.  This  rhodluB(III)  coaplex  and 


He 


Me 


PPh_ 


2  trans-|RhI(CO)(PPh.)n  +  2MeI  — =■*  Rh_ 

*  /'i  1  |\ 

Ph_P  I 


Rh  +  2C0  (2) 

OPPh„ 


I 


__  u 

(RhI(02)(0PPh3).2H2qJ  reported  earlier  deaonstrates  the  ability  of  rhodiua 
coaplexes  to  coordinate  phosphine  oxides. 
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Complexes  of  Long  Alkyl  Chain  Tertiary  Phosphines. 
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Phosphine  Complexes  [  1  ] 
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The  oxidative  addition  of  methyl  iodide  to  aged 
solutions  of  / PtLtJ  end  [PtL3j  complexes  in  benzene 
solution  at  25  °C  under  pseudo  first-order  conditions 
has  been  followed  spectrophoiometrically.  For  all 
the  tertiary  phosphines  studied  except  triphcnyl- 
phosphine  the  reaction  occurs  in  two  steps  which 
are  due  to  rapid  reaction  of  the  [ PtLyJ  present 
initially  followed  by  slower  reaction  of  (PtLsJ.  Tri- 
alkytphosphines  promote  oxidative  addition  more 
than  triarylphosphirtes,  the  rare  of  oxidative  addition 
depending  on  L  in  the  order  P  •  PfC,lUEt-p)3  < 
PfCJIJHe-p),  <  Pfn-C„H3i j3  <  P(n-CtH„)y  Tri- 
phenylphos/thine  complexes  of  platinumfO)  are 
anomalous  in  showing  both  an  induction  period  and 
only  a  single  step. 


Introduction 

In  previous  papers  we  have  described  the  syntheaes 
of  two  series  of  tertiary  phosphines 
where  nr  =  10  to  19  and 


where  I  =  3  to  9  together  with  the  preparation  of 
some  of  their  complexes  with  the  platinum  group 
metals  1 1  -4| .  These  tertiary  phosphines  and  their 
transition  metal  complexes  have  rather  different 
solubility  properties  to  those  previously  available; 
in  particular  they  are  extremely  soluble  in  aliphatic 
hydrocarbon  and  chlorinated  aliphatic  hydrocarbon 
solvents.  Tertiary  phosphine  complexes  have  been 
widely  used  at  homogeneous  catalysts  and  the  sol¬ 
vent  plays  a  very  important  role  in  many 
homogeneous  catalytic  cycles.  Since  a  very  impor¬ 
tant  step  in  many  homogeneous  catalytic  cycles  is 
oxidative  addition  it  was  of  interest  to  determine 
how  effective  the  new  tertiary  phosphines  were  at 
promoting  oxidative  addition  to  platinum(O).  Accord- 


•  Author  to  whom  correspondence  should  be  addressed. 


ingly  we  investigated  the  oxidative  addition  of 
methyl  iodide  to  [PtL,,]  where  L  =  tertiary 
phosphine  and  it  =  3  or  4  (reaction  I).  We  have 

PtU  +  CH,!-  (PtL,(CH,)l]  +(n  — 2,  (1) 

previously  reported  on  the  ability  of  the  present 
phosphines  to  promote  oxidative  addition  at 
rhodium(l)  IS] . 

Experimental 

The  tertiary  phosphines  and  their  platinum(O) 
complexes  were  prepared  as  described  previously 
]2— 4] .  Solutions  of  PlL»  (4  X  [O'*  mol  I-1)  and 
methyl  iodide  (redistilled;  1  mol  r1)  in  dry  deoxy- 
genated  benzene  were  prepared  and  stored  under  an 
atmosphere  of  nitrogen.  The  solutions  of  the  plati¬ 
num^)  complexes  were  allowed  to  age  in  the  dark 
until  the  equilibrium  between  PtL,,  PtLj  and  PtLj 
had  been  fully  established  (see  part  1)  ]4] .  The  Ptl^ 
and  methyl  iodide  solutions  were  then  mixed  under 
a  nitrogen  atmosphere.  CAUTION  methyl  iodide  is 
a  depressant  and  should  only  be  handled  in  well- 
ventilated  areas.  The  absorbance  at  358  or  360  nm 
(see  Table  I)  was  measured  as  a  function  of  time  using 
1  cm  quartz  cells  mounted  in  a  constant  temperature 
cell  housing  in  a  Unicam  SP  1700B  spectrophoto¬ 
meter.  The  temperature  was  maintained  at  25.0  i 
0.1  °C  using  a  Techne  C100  circulating  bath  coupled 
to  a  Techttc  1000  refrigeration  unit. 

It  was  demonstrated  that  neither  solutions  of 
methyl  iodide  in  benzene  nor  the  tertiary  phosphines 
in  benzene  show  any  change  in  absorbance  during 
the  time  of  the  present  kinetic  studies.  Solutions  of 
methyl  iodide  and  triphcnylphosphinc  react  to  form 
mcthyltriphcnylphospiionium  iodide;  the 
second-order  rate  constant  for  this  reaction  is  of  the 
order  of  1 0-*  1  mol  '1  s"'  ]6].  In  the  present  work 
the  excess  of  methyl  iodide  present  enabled  the  data 
to  be  analysed  by  a  pseudo  first  order  approach. 
Plots  of  2.3031og(A_’ -  A,)  against  time,  where  A. 
and  At  were  the  absorbances  at  infinite  time  and  time 
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TABLE  1,  Kinetic  Data  for  the  Oxidative  Addition  of  Methyl  Iodide  to  IFtL^j  at 

25.0t  0.1  ”C. 

iptu 

Wavelength 

k; 

studied  (nm) 

/«'■*  X  10-' > 

ir1  x  i  o3> 

[pi  i  p(  y  f  Hjij] j 

358 

2.3 

[pi  f  p(  <f  y  CiH,)ji4] 

358 

0.4 

IPiOfrr-Cxtlnldal 

360 

fast* 

last* 

|Pi{P(r.-Cl6llM),}«I 

358 

4.7 

K 

22.0 

(Pl(PPb,),| 

358 

2.lb 

|Pt(PPh,),l 

358 

l.9b 

‘Reaction  was  too  fast  to  study  by  the  present  experiment*!  technique;  a  stow  residual  reaction  of  methyl  iodide  with  |Ptjl‘m- 
C.H„),},(Olj)I|  to  form  lPt{P(n-CsH|.,)3}2(CHj)2l2l  with  a  pseudo  rust-order  rate  constant  of  4  x  1(TS  s*1  was  observed. 
bOnty  one  rate  constant  was  observed,  tee  text. 


t,  showed  two  linear  regions  linked  by  an  inflection 
point. 


Results 

It  has  been  shown  previously  [4,  6-8]  that 
[PtUl  is  very  extensively  dissociated  in  solution  and 
[PtL,j  significantly  so.  Indeed  a  lower  limit  of  >10 
mol  P1  has  been  reported  for  K„  [8] .  Accordingly 
in  the  aged  solutions  used  in  the  present  work  the 

(Pt(PPh3)«]  [Pt(PPh3)j]  +  PPhj  (2) 

concentration  of  [PtL,]  will  be  effecftvely  zero  so 
that  the  reaction  being  studied  is  the  oxidative  addi¬ 
tion  of  methyl  iodide  to  [PtLs]  and  (PtL2] 
(Scheme).  It  would  be  expected  from  previous  work 


that  the  oxidative  addition  of  methyl  iodide  to  the 
14-clectron  -fPlL.l  complex  would  be  much  faster 
than  to  the  16-clcctron  (PtL}]  complex  [6,  9],  If  in 
addition  the  rate  of  dissociation  of(PtL3] ,  k2,  is  slow 
relative  to  k2  then  a  point  of  inflection  in  the  plot 
of  2.3031og(A_  -  At)  against  time  would  be  expect¬ 
ed.  The  Initial  rapid  rate  of  reaction  would  corres¬ 


pond  largely  to  the  consumption  of  the  |PtL2]  ini¬ 
tially  present  whilst  the  slower  reaction  would  corres¬ 
pond  to  the  reaction  of  methyl  iodide  with  [PtI  >| 
as  well  as  with  the  |PtL2]  being  slowly  formed  from 
{PtL,]. 

When  the  situation  in  which  k,  >  k,  >  k,  (see 
Scheme)  arises,  the  reaction  may  be  considered  as 
two  parallel  first -order  reactions  producing  a  common 
product  (reactions  3  and  4).  When,  as  in  the  present 
work,  the  formation  of  C  is  monitored 


kj 

A — ■ — ►  C 

(31 

kj 

B — — ■*  C 

(■») 

the  calculation  of  k| 
equations 

and  k2  is  not  trivial.  The  rate 

-<i(Al  u  , *1 

— - =k,  A] 

dt 

(5) 

((■> 

integrate  to  yield 

[A]  =  [A0]eH,>1 

(7) 

IB]  -  [BJe-^ 

(M 

where  (Ao|  and  [B„J  are  the  initial  concentrations  of 
A  and  B.  But 


[C|  -  [A„|  -  (A]  ♦  [B„|  -  (B|  CM 

and  if  it  is  assumed  that  the  large  excess  of  methyl 
iodide  forces  the  reaction  to  go  to  completion,  then 
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|Cj  -  |Aol  +  |B0]  (10) 

whore  )('.)  is  die  final  concentration  of  C,  whence 
K  l  =  IC.l  [Aole  -.*  -  IBJe  M  (II) 

and 

l-S(|C-|  -  Id)' log(|A0]e-klt  +  (B0)e_k,t)  (12) 

If  only  one  reactant,  A  or  B,  were  present  or  if  k, 
and  k2  were  of  similar  value,  then  a  plot  of  log 
( |C.|  -  (Cl )  against  time  would  be  linear.  However 
if  both  reactants  are  present  and  if  k2  ^  k2  then  such 
a  plot  will,  in  general,  be  a  curve  (10] .  If  one  species, 
B,  is  more  reactive  than  the  other  (A),  then  when  the 
mure  reactive  species  has  disappeared, 

log|A]  =  log(|C'J  -  Id )  ■  loglA„]  -  (13) 

from  which  [A0]  and  k|  may  be  evaluated  from  the 
intercept  and  slope  respectively  of  the  plot  of  log 
(ICJ  -  [d)  against  time.  Once  k,  is  known  k3 
may  be  obtained  from  the  early  part  of  the  plot 
obtained  using  equation  12.  In  this  way  the  rate 
constants  k,  and  k2  in  Table  I  were  obtained.  With 
|l't{P(n-Clll|7)}}4]  the  rate  of  the  initial  reaction 
with  methyl  iodide  was  too  fast  for  either  k3  or  kj 
to  be  determined  by  the  present  technique.  A  slow 
residual  reaction  due  to  oxidative  addition  of  methyl 
iodide  to  |Pt{P(/i-C,Hi7)i  }j(CHj)I]  was  observed 
with  a  pseudo  first  order  rate  constant  of  4  X  HT5 
s~‘. 

When  the  tertiary  phosphine  was  triphenylphos- 
phine  two  significant  differences  were  observed  as 
compared  to  the  situations  with  the  other  phosphi¬ 
nes.  Firstly  an  induction  period  was  observed  and 
secondly  the  plot  of  log([C.]  -  (C] )  against  time 
showed  no  point  of  inflection.  The  induction  period 
is  interesting.  Previously  (4J  we  found  that  when 
| Pita |  complexes  were  dissolved  in  benzene  the 
absorbances  at  330  and  360  nm  decreased  steadily 
with  time  as  soon  as  the  solutions  had  been  made  up 
lor  all  the  phosphines  except  triphenylphosphine. 
l  or  triphenylphosphine  an  induction  period  preceded 
the  increase  in  absorbance  with  time  that  arose  from 
dissociation  of  triphenylphosphine  ligands.  The 
fact  that  an  induction  period  precedes  both  phos¬ 
phine  dissociation  and  oxidative  addition  of  methyl 
iodide  to  IPttPPh}^]  suggests  that  aome  transi¬ 
tional  species  must  be  formed  through  which  the 
■eaction  takes  place.  If  a  similar  species  were  formed 
lions  both  IPHPFhj),)  and  lPt(PPhj)jl  then  the  k, 
and  kj  rales  in  the  scheme  would  be  very  similar  giving 
rise  to  the  observed  linear  plot.  Alternatively  it  is 
conceivable  that  (he  reaction  of  methyl  iodide  with 
niphcnylphnsphine  platinum(0)  complexes  takes 


place  by  an  entirely  different  mechanism  to  that  of 
the  other  tertiary  phosphine  platinum(0)  com¬ 
plexes. 

In  deriving  the  results  in  Table  I  we  have  neglect¬ 
ed  the  following  points: 

(i)  Reaction  of  the  tertiary  phosphine  with  methyl 
iodide  has  been  ignored  because  it  takes  place  at  a 
rate  two  orders  of  magnitude  slower  than  the  present 
reactions  [6] . 

(ii)  The  k2  rate  constant  in  Table  I  is  a  composite 
rate  constant  involving  both  k2  and  kj  in  the  Scheme. 
However  since  k}  values  are  two  orders  of  magnitude 
lower  than  k2  the  contribution  of  k,  will  be  negligible 

HJ  - 

(iii)  Further  reaction  of  [PtL,(CH,)l]  with  methyl 
iodide  to  form  [PtL](CH})}l2]  is  very  slow  for  all 
tertiary  phosphines  except  Pfn-C^,,))  under  the 
present  conditions;  no  significant  absorbance  change 
occurs  during  the  timescale  of  the  present  experi¬ 
ments.  Accordingly  this  reaction  may  be  ignored 
except  when  L  ■  P(rr-CSH,7)3  when  it  has  a  pseudo 
first-order  rate  constant  of  5  X  I (T5  s_l. 


Discussion 

The  rate  of  oxidative  addition  of  methyl  iodide 
to  [PtLj]  varied  with  the  nature  of  L  in  the  order 

i  <  «<>«,„  <  P(n-C,*H,j),  < 

P(n-CtHp)j.  The  order  triarylphosphinc  <  trialkyl- 
phosphine  reflects  an  increase  in  the  basicity  of  the 
tertiary  phosphine  ligand  which  promotes  nucleo¬ 
philic  attack  by  platinum  on  the  carbon  atom  of 
methyl  iodide.  Within  the  trialkyl-  and  triarylphos- 
phine  series  an  increase  in  alkyl  chain  length  decreases 
the  rate  of  oxidative  addition.  This  is  possibly  stcric 
in  origin  although  the  stcric  bulk  of  P(C6H«Et-p)3 
would  not  be  expected  to  be  significantly  greater 
than  that  of  P(C4H«Me:p)j;  the  observed  result  may 
therefore  arise  from  specific  solvation  effects.  The 
rate  of  oxidative  addition  of  methyl  iodide  to  JIILs) 
followed  a  similar  trend  to  that  observed  for  [Ptl,) . 

Although  the  interpretation  of  the  single  rate 
constant  observed  with  triphenylphosphineplatinum- 
(0)  complexes  is  open  to  more  than  one  explanation 
(see  above),  it  is  significant  that  the  rate  constants 
derived  for  [Pt(PPhj)j)  and  IPtfPPlij)^]  are  similar 
although  smaller  than  those  observed  with  the  other 
triaryl  phosphines. 
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Two  s tries  of  phosphines,  I  (1‘fijH  =  n -Clall„  -  n-C„- 

H„)  ,n„l  II  (T(  x  '  H')s  «'  =  C,H ,  -  n-C,ll„).  which 

form  cert/  soluble  complexes,  have  been  prepared,  char¬ 
acterized,  and  used  to  prepare  cis-fPtLjCI,),  trans-//’</L,  - 
(.7,7.  t rails- 7/’(L,'HC//,  IPtLJ.  and  lvxm-[RhL,C.l(CO)l 
where  L  =  /  and  ll  and  L'  =  /  only.  The  problems  of 
isolation  and  purifying  the  complexes  are  discussed.  The 
influence  of  the  two  series  of  phosphines  on  (I)  selective 
hyilropenation  catalysts  of  the  type  (PtLICltl  or  /PdLt- 
Cltl  in  association  with  SnCl,  for  polyunsaturated 
olefins  and  (2)  the  oxidative  addition  of  methyl  iodide 
to  tr.ins-fKhLtCI(CO)/  is  reported.  The  mechanism  of 
the  latter  reaction  in  the  presence  of  trianylphosphines 
is  more  complex  than  xnppested  previously. 


■Qhosphino  complexes  have  been  used  widely  as  homogeneous 
MT  catalysts,  and  in  many  of  their  reactions  the  solvent  plays  a  very 
important  part.  Accordingly  we  decided  to  prepare  phosphine  com¬ 
plexes  with  rather  different  solubility  properties  to  those  previously 
available.  In  particular  two  series  of  tertiary  phosphine  complexes 
were  prepared  that  would  confer  extreme  solubility  in  hydrocarbon 
solvents  such  as  alkanes.  Part  of  the  rationalization  for  doing  this  was 
the  view  that  if  alkanes  were  ever  going  to  be  activated  using  honio- 
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gencous  catalysts,  the  activation  would  have  to  be  elicited  in  the 
presence  of  solvents  that  were  chemically  more  inert  than  the  alkanes 
tliemselves.  No  such  solvents  are,  of  course,  available  and  if  homo¬ 
geneous  catalysts  are  to  he  used  then  those  catalysts  must  dissolve 
freely  in  the  alkanes  tliemselves. 

Two  series  of  tertiary  phosphine  ligands  that  are  very  soluble  in 
hydrocarbon  solvents  were  prepared.  The  first  series,  P(n-C*Hlw4|)j, 
where  m  =  10  to  10,  were  prepared  by  treating  the  Grignard  reagent 
of  the  n -alkyl  bromide  with  phosphorus  trichloride  in  tetrahydrofuran 
(THF)  (1).  They  were  purified  by  recry stallizat ion  from  a  mixture  of 
chloroform  and  ethanol.  The  lower  memliers  of  the  series  were  waxy 
materials,  C(r-Clt  being  soft  waxes  and  C,j-C,s  being  hard  waxes, 
while  the  higher  memliers  of  the  series  were  crystalline.  All  were 
fairly  low  melting — the  melting  points  increasing  steadily  from  37°- 
40°C  for  P(ii  to  60'-62°C  for  P(n  Tliey  were  ex¬ 

tremely  soluble  fn  hydrocarlmn  solvents  such  as  hexane  and  chlori¬ 
nated  solvents  such  as  dichloromethane,  chloroform,  carlion  tet¬ 
rachloride,  and  1,2-dichloroethane  and  moderately  soluble  in  THF, 
benzene,  and  other  aromatic  solvents,  hot  alcohols  such  as  methanol 
and  ethanol,  and  warm  acetone.  They  were,  however,  insoluble  in  cold 
methanol,  ethanol,  and  acetone.  On  exposure  to  air  they  w’ere  oxidized 
readily  to  a  complex  mixture  of  products  of  the  typo  P(OR1,-»Hi. 
(n  =  0,  1,  or  2)  and  PfOXORIj-.R,  (•»  =  0,  1,  2,  or  3).  However  treat¬ 
ment  with  a  slight  excess  of  hydrogen  peroxide  (6%  w/v)  resulted  in  a 
smooth  oxidation  to  the  trialkylphosphine  oxides  which  were  stable  in 
air  and  more  crystalline  than  the  corresponding  tertiary  phosphines. 
These  phosphine  oxides  had  very  similar  solubility  characteristics  to 
the  parent  trialkyl  phosphines.  In  contrast  to  trialkylphosphine  oxides 
below  POfn-C»HH)j,  the  long-chain  trialkylphosphine  oxides  were  not 
deliquescent. 

The  second  series  of  phosphines  prepared  were  a  series  of  tris(p- 
alkylaryl)phosphines  with  alkyl  groups  ranging  from  ti-CjHr  to 
n-C(H|(.  They  were  prepared  by  treating  the  Grignard  reagent  of  the 
corresponding  ;?-alky)bromobenzene  with  phosphorus  trichloride  in 
THF  (2).  However  in  order  to  use  these  routes  it  was  necessary  to 
devise  a  preparative  route  for  synthesizing  p-nlkylbronioben/.etics. 
Many  of  the  methods  for  preparing  alkylbromobenzencs  yield  a  mix¬ 
ture  of  isomers.  Since  these  are  liquids  with  similar  lmiling  points,  their 
separation  is  difficult.  A  three-stage  syntliesis  was  adopted  eventually 
(see  Reactions  1,  2,  and  3)  which  gave  the  pure  para  isomer  in  overall 
yields  of  46  to  60%.  The  compound  p-propylbromol>enzene  also  can 
be  prepared  in  this  way  but  it  Is  prepared  more  easily  by  reaotie® 
allylbromide  with  the  mono-Crignard  reagent  of  p-dibromo!>enzenc 
followed  by  hydrogenating  the  resulting  p-propenylbromobenzene  to 
yield  the  desired  product. 


- - - - L 
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After  completing  this  work  our  attention  was  drawn  to  the  syn¬ 
thetic  procedure  of  Manassen  «nd  Dror  (3)  based  on  reacting 
bromobenzene  with  an  acyl  chloride  in  the  presence  of  aluminum 
trichloride.  This  then  is  followed  by  a  Wolff-Kischner  reduction  of  the 
acyl  group  to  an  alkyl  group  using  alkaline  hydrazine.  Although  these 
authors  do  not  give  overall  yields,  the  acylation  step  (4)  gives  only  30% 
of  the  desired  product  together  with  25%  of  CfH(COR.  Thus  our  pro¬ 
cedure  gives  much  higher  overall  yields  with  only  minor'quantities  of 
side  products  to  be  separated  off  in  the  final  vacuum  distillation. 

The  tris(p  -alkylaryl)phosphine  with  a  propyl  group  was  a  crystal¬ 
line  solid,  whereas  the  n-butyi  to  n  -octyl  derivatives  were  viscous  oils. 
The  n-nonyl  derivative  was  a  viscous,  waxy  solid.  The  solids  were 
purified  by  recrystallization  from  ethanol  and  the  oils  by  vacuum  dis¬ 
tillation.  All  of  the  tris(p-alkylaryl)phosphines  were  extremely  soluble 
in  hydrocarbon  solvents  such  as  hexane  and  chlorinated  solvents  such 
as  dichloromethane,  chloroform,  and  carbon  tetrachloride,  and  moder¬ 
ately  soluble  in  THF,  diethyl  ether,  and  aromatic  solvents  such  as  ben¬ 
zene  and  toluene.  The  lower  members  of  the  series  were  soluble  in 
ethanol  but  this  decreased  as  the  alkyl  chain  length  increased.  The 
higher  members  were  insoluble  in  cold  ethanol,  methanol,  and  other 
polar  solvents.  P-31  NMR  chemical  shifts  were  measured  in  CDClj 
solution  relative  to  a  trlmethylphosphate  external  standard  and  were 
found  to  be  as  follows:  p -alkyl  «  C*Hk  +10.6;  CjHtl  + 10.5;  C^H*. 
+  10.6;  C,H,„  +10.8;  CTH„,  +10.8;  C,H„.  +10.7,  and  C,H„  +10.8 
ppm.  All  of  the  tris(p-alkylaryl)phosphines  were  sensitive  to  oxygen 
troth  as  solids  or  oils  and  in  solution.  This  contrasts  with  triphenyl- 
phosphine  which  is  fairly  resistant  to  oxidation  troth  as  a  solid  and  in 
solution.  Unlike  the  trialkylphosphines  which  yield  a  complex  mixture 
of  products  on  oxidation  in  the  air,  the  tris(;r-alkyIaryl)phosphines  give 
a  single  product,  the  phosphine  oxide.  The  scasitivity  to  uir  oxidation 
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increased  as  the  alkyl  chain  on  the  phenyl  ring  increased  in  length. 
Oxidation  with  hydrogen  peroxide  ((V7r  w/v)  gave  a  convenient  pre¬ 
parative  route  to  tile  tris(p-a)kyluryl)phosphtne  oxides. 

Five  series  of  transition-metal  complexes  of  tire  new  tertiary  phos¬ 
phines  have  been  prepared:  fiv-lPHPRjh^Ul,  trims- 1 Pd(PR, ),C1,  1, 
frfl.n-[Pt(PR,')1HCI].  [Pt(PR,)4],  and  irons- [Rh(PR,)tCl(CO)l  where 
R  =  n-alkyl  or  p-alkylaryl  and  R’  =  n -alkyl  (5).  All  of  the  complexes 
di. played  essentially  the  same  solubility  characteristics  as  the  parent 
phosphines.  ^  ordingly  the  synthetic  routes  that  were  list'd  were 
chosen  because  they  gave  the  cleanest  reactions  with  largely  volatile 
side  products  and  a  minimum  of  isomers. 

cis-lPHPR&CI,] 

When  [Pt(COD)Cl,]  was  treated  with  two  equivalents  of  tlie  ter¬ 
tiary  phosphine,  cyclooctadiene  was  displaced  and  ci?-(Pt(PR3),Cl,) 
was  formed.  The  displaced  cyclooctadiene  was  removed  easily  in 
vacuo.  The  lower  triarylphosphine  complexes  were  rccrystallued  from 
a  60:40  mixture  of  ethanol  and  chloroform.  The  higher  triarylphos¬ 
phine  complexes  could  he  obtained  only  as  either  waxes  or  viscous 
oils.  These  were  purified  chromatographic-ally  on  alumina  (Brockman 
activity  I,  neutral)  eluting  with  a  60:40  mixture  of  chloroform  and 
methanol.  The  trialkylphosphine  complexes  were  recrystallized  from 
a  mixture  of  chloroform  and  ethanol  except  for  the  trioctylpliosphine 
complex  which  was  purified  chromatographically  to  yield  a  yellow 
wax.  The  melting  points  of  the  trialkylphosphine  complexes  are  in¬ 
teresting  (sec  Figure  1)  in  that  the  long-chain  alky)  groups  clearly 
disrupt  the  packing  in  the  crystal  structure  so  that  the  melting  point 
initially  decreases  sharply  until  the  tri-u -octylphosphine  is  reached 
after  which  a  slight  rise  occurs,  presumably  due  to  increasing  molecu¬ 
lar  weight.  The  initial  sharp  drop  in  Figure  I  has  been  observed  previ¬ 
ously  for  platinum(II)  complexes  with  »  in  the  2-4  range  ns  well  as  for 
palladium(II)  complexes  with  n  in  tlie  2-5  range  (6,  7).  On  heating  tlie 
cis  isomers  decompose  but  they  do  not  either  isomerize  or  give  any 
metallation.  When  (Pt(MeCN),Cl,j  is  used  as  the  starting  plutinmn(M) 
complex,  a  mixture  of  cis-  and  f  r«  ns- [Pt(PR^fCl,J  is  formed.  This  mix¬ 
ture  Is  virtually  impossible  to  separate  because  of  the  very  similar 
physical  characteristics  of  tlie  two  isomers. 

trans-[  Pd(PRt ),  Cl, ) 

When  [Pd(COD)Cl|]  was  treated  with  two  equivalents  of  tlie 
tris(p-alkylaryl)  phosphines,  PAr,,  ir«n.v-[Pd(PAr,),Cl,)  complexes 
were  formed.  Apart  from  their  trans  geometry  they  were  very  similar  to 
their  platinum(H)  analogues,  although  less  crystalline  so  that  purific.t- 
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tion  depended  more  on  column  chromatography.  With  the  trialkyl- 
phosphines,  PR,',  two  products  were  obtained.  The  first  was  a  yellow 
material,  trans-  [Pd(PR,')fClf),  which  was  very  similar  to  the  trans- 
[Pd(PAr,),Clj]  complexes.  However  a  second,  darker  product  was  also 
present  and  in  an  increasing  amount  as  the  chain  length  increased. 
H-l,  C-13,  and  P-31  NMR  analyses  and  IR  spectroscopy  combined  to 
suggest  that  this  darker  material  is  a  mixture  of  chloride-bridged,  di¬ 
meric  Species  1  and  II.  In  spite  of  repeated  attempts  it  was  in>|x>ssil>le 
to  separate  these  species  by  column  chromatography.  The  metallated 
species,  II,  appear  to  be  a  complex  mixture  of  products;  the  five- 
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membered  ring  .species  (n  =  b  =  2)  would  be  expected  to  predomi¬ 
nate.  It  is  surprising,  in  view  of  the  work  of  Shaw  (fi,  .9)  which  has 
shown  platinum(II)  to  be  more  susceptible  to  metallation  than  pal- 
ladium(Ii),  that  in  the  present  work  the  reverse  is  found.  In  spite  of 
repeated  attempts  we  were  unable  lo  thermally  induce  metallation  at 
platimim(II). 

tnas-lPHPk,' ),HCt] 

The  cis-  [PtfPR*')«Clj]  compounds,  where  R'  =  alkyl,  were  con¬ 
verted  smoothly  to  traiis-[Pt(PR,')tHCll  by  treating  them  with  hy¬ 
drazine  hydrate  in  a  mixture  of  ethanol  and  chloroform.  Chloroform 
must  he  added  since  the  complexes  are  insoluble  in  pure  ethanol.  The 
hydride  complexes  are  cream-colored,  low-melting,  crystalline  solids 
that  closely  resemble  the  physical  properties  of  the  jxirent 
dichioro  complexes. 


When  [Pt(COD)t]  (10)  is  treated  with  4  equiv  of  tertiary  phos¬ 
phine  in  a  hexane  solution  under  nitrogen,  [PKPRa)«J  is  forme d.  These 
platinum(O)  complexes  are  yellow,  air-sensitive,  low-melting,  crystal¬ 
line  solids  with  solubility  properties  that  are  very  similar  to  the  parent 
phosphines.  When  dissolved  in  solution  these  complexes  reversibly 
dissociate  (see  Equation  4).  Thus  the  P-31  NMR  spectra  in  benzene 

(Pt(PR*)«]  [Pt(PR,),)  [PtfPR,),]  (4) 

solution  at  ambient  temperatures  show  a  broad  singlet  only  with  no 
platinum-phosphorus  coupling.  A  spectrophotometric  study  of  the 
kinetics  of  phosphine  dissociation  at  25*C  in  a  4  x  10'*  mol  L~"  ben¬ 
zene  solution  showed  that  the  rate  of  the  first  step  decreased  in 
the  following  order:  Pfn-CuHj,),  (Mobs)  too  large  to  mea¬ 
sure)  »P(-  v— CH,),<*,(obs)  -  3.5  x  10'*  sec'1)  >  PPh,(M«bs)  = 

1.5  x  10'*  sec'1).  The  rates  of  the  second  step  were  more  similar,  de¬ 
creasing  in  the  following  order:  P(-  \  v  -CH»)»  (Mobs)  =  6.7  x  10'' 

sec*’)  >  P0i-C„H„),  (ltt(obs)  «  3.7  x  10’*  sec1)  Z  PPb,  (Mobs)  = 

3.5  x  10"*  sec'’).  The  significantly  luster  rate  of  dissociation  of  tl»e 
tetrakis(trialkylphosphine)platinum(0)  complex  than  the  trinrvlplms- 
phine  complexes  is  probably  due  to  the  unfavorable  build-up  of  elec¬ 
tron  density  at  platinum(O)  effected  by  the  more  strongly  electron- 
donating  trialkvlphosphine. 
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trans-(  Rb(PRt ),  Cl(CO)} 

The  traits'  [Rh(PR»)iCl(CO)]  complexes  were  prepared  by  treat¬ 
ing  [HhC!(COV],  under  nitrogen  in  chloroform  solution  with  2  equiv 
of  tertiary  phosphine  per  rhodium  atom.  The  only  side  product  was 
carbon  monoxide  so  that  purification  by  recrystallization  from  ethanol 
or  ethanol-chloroform  was  relatively  simple.  Tiie  lower-nioleeular- 
weight  trialkylphosphine  and  higher-molecular-weight  triurylphos- 
phine  complexes  were  orange,  viscous  oils;  the  others  were  cream- 
colored,  low-melting  crystalline  solids. 

OUfin  Hydrogenation 

Bailor  and  his  co-workers  have  studied  using  mixtures  of 
[MiPRaljClt]  and  stannous  chloride  as  catalysts  for  selectively  hydro¬ 
genating  the  polyolefins  present  in  vegetable  oils  to  monoolefin?  that 
subsequently  may  be  used  as  components  of  margarine  01).  Selectiv¬ 
ity  is  very  important  in  this  hydrogenation  because  diolefins  of  tlie  type 
— CH*“CH — CHj — CH— CH—  are  very  susceptible  to  aerial  oxida¬ 
tion  at  the  activated  methylene  group  resulting  in  the  fist  becoming 
rancid,  while  the  fully  saturated  products,  although  stable  to  storage, 
are  very  difficult  to  digest.  From  previous  work  it  is  likely  that  the 
solvent  plays  a  very  important  role  in  the  selectivity  of  these  hydro¬ 
genations.  Since  the  present  tertiary  phosphines  convey  unusual  and 
somewhat  extreme  solubility  properties,  it  seemed  desirable  to  exam¬ 
ine  them  as  possible  catalysts.  Accordingly  their  effectiveness  in 
promoting  the  selective  hydrogenation  of  two  of  the  common  compo¬ 
nents  of  vegetable  oils,  linoleic  esters  III  and  linolenic  esters  IV,  was 
examined  using  the  methyl  esters. 


.  OOll 


s  OOII 


III  IV 

When  methyl  linoleate  was  hydrogenated  in  a  3:2  mixture  of 
benzene  and  methanol  at  90*C  under  40  atm  of  hydrogen  pressure  in 
the  presence  of  0.65  mmol  [M(PR»)*Clt]  and  5.7  mmol  stannous 
chloride  (see  Table  I),  it  was  apparent  that  of  the  platinum(II)  com¬ 
plexes,  that  with  P( — y  ' — C,H,)i  was  the  most  selective  giving 
87.2%  monoolefin  while  P( —  _ — C,Hi),  and  P(C,H,r)i  were  close 
Irehind.  P( —  — CyHwIa  was  the  most  selective  (87.8%  monoolefin) 

with  paHadhim(II).  All  of  these  complexes  were  much  more  specific 
than  the  triphenylphosphine  complex  under  comparable  conditions.  It 
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is  very  obvious  from  Table  1  that  the  seleetivity  is  very  dependent  on 
the  phosphine  used.  Thus  while  P(C,H„),  gives  high  selectivity  on 
platimini(ll),  PIC*!!,),  and  P(C, *HM)3  give  only  11.8  and  4 .4%  niono- 
olelin,  respectively.  A  similar  result  occurs  with  palladiuin(Il),  with 
monoolefin  yields  varying  apparently  randomly  as  the  R'  group  in 

P( —  — R'),  is  varied  systematically  in  the  following  order:  R’  =  II 

(29.0'7< ),  C,H,  (50.27c),  C*H,  (17.2%),  and  C,H„  (87.8%).  Since  it  is 
hard  to  see  how  variations  in  either  steric  or  electronic  factors  or  even 
in  I  Kith  could  account  for  this  result  on  their  own,  we  suggest  that  the 
interaction  of  the  solvent  with  the  active  catalyst  has  a  profound  and 
subtle  effect  on  the  reaction. 

When  tlie  same  catalyst  precursors  and  the  same  conditions  were 
used  to  hydrogenate  the  triolefin  methyl  linolenate  we  found  (see 
Table  11)  that  platinum(Il)  complexes  were  more  active  under  tlie 
present  conditions  than  palladium(II)  complexes,  and  that  the  intro¬ 
duction  of  a  para-ethyl  group  into  triphenylphosphine  increased  the 
activity  of  the  platinum(II)  catalyst  markedly  and  that  of  the  pal- 
ladium(U)  catalyst  slightly.  Introducing  a  para-nonyl  group  into  the 
palladium(II)  system  markedly  depressed  both  activity  and  selectiv¬ 
ity,  again  suggesting  that  a  complex  set  of  factors  probably  including 
interaction  with  the  solvent  are  involved  in  determining  cataly  tic  ac¬ 
tivity.  The  greater  activity  of  the  platinum(II)  over  the  palladium(II) 
complexes  under  present  conditions  well  may  be  a  reflection  of  their 
greater  stability.  No  signs  of  decomposition  were  detected  when 
platinum(ll)  complexes  were  used,  whereas  deposition  of  metal  was 
apparent  when  palladium(U)  complexes  were  used. 

Since  the  nature  of  the  solvent  plays  an  important  part  in  these 
hydrogenations  (11)  and  since  methanol  coordinates  to  palladium(H) 
and  plutinum(ll)  (12)  and  will  therefore  compete  with  the  substrate,  it 
was  interesting  to  examine  the  effectiveness  of  the  present  catalysts  in 
the  absence  of  any  solvent  other  than  the  substrate  itself.  Wlien  com¬ 
paring  tlie  results  obtained  in  the  absence  of  solvent  (see  Table  111) 
with  those  in  Tables  I  and  II,  we  must  emphasize  that  in  tlie  former 
case  tlie  amount  of  substrate  has  been  increased  by  a  factor  of  2.5,  the 
amount  of  catalyst  has  been  halved,  and  the  amount  of  hydrogen  has 
remained  unaltered.  Qualitative  observation  of  the  rate  of  fall  of  hy¬ 
drogen  pressure  in  the  autoclave  suggested  that  the  initial  reaction  in 
the  absence  of  solvent  was  faster  than  in  its  presence.  Further  work  is 
currently  in  progress  to  confirm  this  observation  and  to  modify  the 
autoclave,  enabling  hydrogenations  to  lie  carried  out  under  constant 
hydrogen  pressure  rather  than  merely  constant  hydrogen  volume  as  is 
being  done  presently.  This  will  ensure  that  hydrogenations  can  he 
totally  completed. 
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Experimental 

Olclui  hydrogenations  were  performed  in  a  250-inL  stainless  steel  auto¬ 
clave  equipped  with  a  glass  liner  using  a  stirring  speed  of 500  rpm.  The  auto¬ 
clave  was  charged  with  reactants,  assembled,  and  gas  was  introduced  to  the 
desired  initial  pressure.  All  salves  remained  closed  throughout  the  reaction.  A 
thermostat  was  pros  ided  to  enable  temperature  control.  Product  analysis  was 
carried  out  via  gas  chromatography  using  a  2l)'i  dicthyleno  glycol  succinate 
on  Chroinusorp  P  (60  -HO  mesh)  stationary  phase  in  a  glass  column  at  2(XPC. 

The  reaction  of  fr(iiis-|Hh(PRj)jCl(CO)l  with  methyl  iodide  was  studied 
by  monitoring  tlie  Ilf  spectra  of  solutions  o I  the  complex  (2  *  10  mol  l.'1)  in 
methyl  iodide  (redistilled)  in  a  .oermostatted  solution  I R  cell  provided  svith 
sodium  chloride  windows.  A  Perkin-EJmer  model  577  s|>ec!roineter  svas  used. 
The  data  was  analyzed  using  the  FACSIMILE  computer  program  (171. 

Oxidative  Addition  to  trans-f  Rb^K^C/iCO)] 

Since  one  of  the  key  steps  in  the  activation  of  alkanes  is  believed 
to  lie  oxidative  addition,  and  since  this  reaction  is  very  important  in  the 
mechanism  of  many  homogeneous  catalysts,  it  was  interesting  to  de¬ 
termine  the  influence  of  the  present  series  of  phosphines  on  this  type 
of  reaction.  Therefore  we  decided  to  study  the  oxidative  addition  of 
methyl  iodide  to  Irons- [Rh(PR,),Cl(CO)]  because  this  reaction  has 
been  studied  previously  (13)  with  PR,  =  PPh,,  F  4H4O.Mc-ji)3, 
P(C4H4F-/j),,  and  AsPh,,  and  also  because  it  is  relatively  easy  to  inde¬ 
pendently  monitor  the  loss  of  fratu-[Rh(PR,),Cl(CO)],  tire  formation 
and  later  decay  of  [Rh(PR,),Cl(CO)(CH»)l],  and  the  subsequent  forma¬ 
tion  of  [ R h( PR,),C1( COCH,) I ]  by  recording  tlie  0=0  stretching  region 
of  the  1R  spectrum  as  a  function  of  time.  The  reaction  is  reported  to 
occur  hy  the  following  mechanism: 

(Rh(PR,),Cl(CO)]  +  CH,1  f  [Rh(PR,),Cl(CO)(CH,)lJ 

gro  =  1980  cm'1  oco  =  2060  cm”1 

V  VI  (5) 

I  Rh(  PR,),Cl(COC  H,)l  ] 
vc„  =  1705  cm-1 

VII 

which  in  the  presence  of  excess  methyl  iodide  can  lie  examined  in 
terms  of  a  model: 


Vsi  VI 

r„ 


The  FACSIMILE  computer  program  (14)  was  used  to  analyze  data 
obtained  when  solutions  of  trunx-[Rh(PR,),Cl(CO)]  (2  x  1(1  2  mol  I,  ') 
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Table  III.  The  Homogeneous  Hydrogenation  of  Methyl  l.inolenate 
in  the  Presence  of  0.33  mmol  [ML,CI,]  and  2.!*  mmol 


//.  1’ restart 

■  Methyl 

M 

1 . 

(tit  >n) 

S ten  rate 

Methyl  Linolenate 

None" 

40 

— 

Platinum 

P0i-C.il,,), 

40 

— 

Palladium 

PPha 

40 

— 

Methyl  Linolenate 

+  Methyl  Ijniileale  (Mixture  1) 

None" 

~ 

40 

— 

Platinum 

P(- 

40 

— 

Palladium 

P(- 

\  — 

40 

— 

Palladium 

P(- 

-C.H,,), 

20 

— 

Methyl  Linolcnate  +  Methyl  Unolrate  < Mixture  2) 

None"  —  “W  — 

Platinum  PPh>  40  — 

*  Control  hydrogenation  carried  out  in  the  abaence  of  catalyst. 

in  methyl  iodide  were  allowed  to  react  at  various  temperatures.  An 
analysis  of  the  data  obtained  with  P(C*H4Bu-»>)j  according  to  Equa- 
tion  6  gave  a  rather  poor  fit  to  the  data  (tee  Figure  2).  In  particular  the 
rate  of  formation  of  (Rh{P(C|H4Bu-p)|}t(COCHa)CII]  at  times  very 
close  to  the  start  is  more  rapid  than  expected  from  Equation  6.  How¬ 
ever,  when  a  number  of  alternative  models  were  tried,  we  found  that 
the  following  model  in  which  VI  is  formed  but  is  not  an  intermediate 
in  the  formation  of  VII  gave  tl>e  Ircst  fit.  The  calculated 

*’  VI  (7) 

VII 

ahsorlxtncc*  ot stained  when  the  data  is  analyzed  according  to  Equation 
7  and  the  observed  absorbances  are  shown  in  Figure  3.  For  comparison 
the  sum  of  the  squares  of  errors  (observed  absorbance  -  calculated 
absorbance)  in  Figure  2  is  210  whereas  in  Figure  3  it  is  65. 

A  mechanism  that  is  consistent  with  the  scheme  in  Equation  7  is 
given  in  Scheme  I.  Iflr*  were  small  relative  to  lt«,  Ir*  k*  and  k,  then  tile 
reaction  mechanistically  would  follow  Equation  7.  Halide  ions 
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(10  k)  and  Mixtures  of  Methyl  Linolenate  and  Methyl  I.inoleatc  ( 10  g) 
SnC.'l,  in  the  Absence  of  Solvent  at  90°C  for  3  h 

Products  Formed  (%) 


A  lotto- 
olefin 

Non- 

conjugated 

Diolefin 

Conjugated  Diolefin 

N  on- 

Con¬ 

cis -trans 

trans  -trans 

conjugated 

Triolefin 

jugated 

Triolefin 

__ 

___ 

-- 

100 

_ 

15.8 

45.4 

16.5 

22.3 

— 

— 

8.8 

45.0 

16.3 

29.9 

— 

— 

2.0 

19.9 

— 

— 

78.1 

— 

36.9 

32.4 

7.7 

23.0 

— 

— 

47.1 

33.4 

5.2 

14.3 

— 

■  — 

3.5 

20.5 

11.5 

18.5 

30.0 

16.0 

1.2 

12.0 

___ 

_ _ 

86.8 

_ 

11.6 

29.4 

16.9 

42.1 

— 

— 

catalyze  the  oxidative  addition  of  alkyl  halides  to  rhodium(I)  {15)  so 
that  kt  undoubtedly  will  be  quite  large.  However,  is  there  any  evi¬ 
dence  for  the  presence  of  any  halide  ions  to  effect  the  fc«  step?  There  is, 
although  the  mechanism  by  which  they  are  farmed  is  uncertain  lie- 
cause  both  we  and  others  (13)  observe  that  there  it  an  increase  in  the 
conductance  during  the  course  of  the  reaction,  in  addition  both  we  and 
others  (13)  observe  an  initial  induction  period  during  which  these 
halide  ions  may  be  formed.  Both  k,  and  kj  are  believed  to  lie  even 
larger  thun  k%  because  previous  work  with  anionic  rhodium(I)  com¬ 
plexes  has  shown  that  the  oxidative  addition  of  methyl  iodide  rather 
than  the  combination  of  methyl  and  carbonyl  ligands  is  nite  determin¬ 
ing  (lfi).  Thus  of  the  rate  constants  fc«,  k%,  and  k,,  k%  is  the  smallest 
and  it  is  larger  than  kt.  Although  the  mechanism  in  Scheme  1  (and  in 
Equation  7)  gives  a  significantly  better  fit  for  the  observed  data  in  the 
case  of  tris(p-butylphenyl)phosphine  than  that  in  Equation  5  (and  in 
Equation  6),  the  distinction  in  the  case  of  triphenylphosphine  is  less 
clear-cut  (see  Table  IV).  However  we  favor  Scheme  I  because  it  read¬ 
ily  accounts  for  both  the  observed  induction  period  and  the  increase  in 
conductance  during  the  reaction. 

When  frun*-[Rh(PRa)iCl(CO)]  complexes  in  which  R  was  n-C«H, 
and  m-Cu!1„  were  dissolved  in  methyl  iodide,  rapid  oxidative  addition 
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Table  IN'.  Analysis  of  the  Absorbance  Data  for  the  Reaction  of 
fruns-[Rh(PR,),CI(CO)]  with  Methyl  Iodide  According  to 
Equations  6  and  7 

Sum  of  Squares  of  Errors 


Phosphine 

Temperature  (°C) 

Equation  6 

Equation  ? 

P(-  — Bu), 

16.5 

640 

72 

28.5 

600 

107 

36.3 

270 

&5 

PPh, 

20.5 

1510 

780 

26.5 

1610 

740 

33.3 

1480 

620 

of  methyl  iodide  to  yield  traits-  [Rh(PR,),Cl(CO)(CH,)I]  occurred,  hut 
subsequent  combination  of  methyl  and  carbonyl  ligands  to  form  an 
acyl  complex  did  not  take  place.  These  reactions  accordingly  followed 
simple  first-order  rate  laws. 

The  observed  rate  constants  are  given  in  Table  V.  In  order  to  com¬ 
pare  rate  constants,  values  at  18*C  were  determined  from  plots  of  In  h 
vs.  T~'  (see  Table  V).  It  is  apparent  that  the  rate  of  oxidative  addition  of 
methyl  iodide  to  trans-  [Rh(PR,),Cl(CO)]  as  measured  by  the  values  of 
Jt,  at  18°C  increases  as  the  phosphine  is  altered  in  the  following  order: 

PPh,  <  Pf—  _  — Bu),  <  P(n-C„H„),  <  P(ii-C«H,)s  <  P<m-C,H„),. 
The  order  PPh,  <  P(—  — Bu),  <  P(n- alkyl),  follows  the  expected 
order  of  electron-donating  ability.  The  electron -donor  abilities  of  all 

Table  V.  Rate  Constants  kt  and  k.  Defined  According  to  Equation  7 
for  the  Reaction  of  2  x  10"’  mol  L"1  fr<wa-[Rh(PR,)CI(CO)l  with 
Methyl  Iodide 


Tem¬ 

perature 


PB, 

rc> 

k,(sec~\) 

ks(scc~') 

k,,w,tsrr-'y 

PPh, 

20.5 

7.2  x  10'» 

9.9  x  10"‘ 

5.0  x  10-* 

26.5 

1.7  x  I0< 

1.3  x  10*’ 

33.3 

5.2  x  10*« 

2.8  x  10~« 

Pi-  j  -Bu), 

16.5 

4.0  x  10« 

1.4  x  10-* 

4.2  x  10  * 

28.5 

9.0  x  10"< 

4.1  x  !0-« 

36.3 

2.4  x  10-* 

6.1  x  10*‘ 

P(n-CuH^), 

10.5 

5.6  x  10-* 

— 

7.8  x  10-* 

10.0 

7.9  x  10-* 

P<n-C,Hir), 

18.0 

1.3  x  10-* 

— 

1.3  x  10'» 

P(n-C,H,), 

18.3 

1.2  x  10‘‘ 

— 

1.2  x  10  » 

•  The  k,  value,  at  1ST;  obtained  from  pint,  of  In  t ,  vs.  T  V 
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three  trialkylpliosphiiies  are  expected  to  be  very  similar.  Tlte  larger 
steric  btilk  of  P{/i-C„Hir}J  may  be  responsible  for  its  significantly 
lower  ability  at  promoting  oxidative  addition.  However  the  relative 
order  of  the  trialkylphosphines  suggests  that  subtle  solvation  effects 
are  very  important.  In  the  previous  paragraph  we  suggested  that  the  k, 
values  in  Table  V  largely  reflect  the  step  of  Scheme  I  which  is  itself 
the  oxidative  addition  of  methyl  iodide  to  an  anionic  rhodium(I)  com¬ 
plex.  Again  the  rate  constants  (k,)  in  Table  V  show  that  P(—  — Bu), 

is  more  effective  than  triphenylphosphine  at  promoting  this  oxidative 
addition. 


Scheme  I 


(HhU(CO)CI]  (RhL,(CO)Cl(CH,'I] 


k4.  +  I"  -  L 


lHhUCO)CII)-  [HhMOOCIUCIIJ 


+  CH,I 


*7,  -  r 


lRhUCO)CI(CII,)I,J-  (HhI,CI(C:OCH,)Is)- 

Conclasions 


Tertiary  phosphine  groups  with  long  alkyl  chains  bound  directly 
to  phosphorus  or  substituted  at  the  para  position  of  triphenylphos¬ 
phine  give  rise  to  a  range  of  interesting  and  potentially  useful  com¬ 
plexes.  In  particular  these  may  be  used  to  prepare  polyolefin  hydro¬ 
genation  catalysts  based  on  platinum(II)  and  paHadium(II)  complexes 
that  are  both  more  active  and  more  selective  towards  reduction  to 
monoolefins  than  previous  catalysts  based  on  these  systems.  The 
platiiiMiii(U)  complexes  ore  better  than  the  palladiiiin(ll)  complexes. 
Additionally  the  new  phosphines  are  more  effective  than  triphenyl¬ 
phosphine  in  promoting  the  oxidative  addition  of  methyl  iodide -to 
Ira  ns-  [Rh(PR,),Cl(CO)]. 
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Complexes  of  Long  Alkyl  Chain  Tertiary  Phosphines.  4.  Oxidative  Addition  of  Methyl 
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The  kinetics  of  the  oxidative  addition  of  methyl  iodide  to  lronr-|RhCI(CO)L2]  have  been  determined.  When  L  is  a 
trialkylphosphine,  the  produet  of  oxidative  addition  is  froru-IRhClIICHjXCOILj);  the  influence  of  L  on  the  rate  of  this 
reaction  is  P(»-CaH|t),  2  P(«-C4H,),  >  P(n-CiaHn)i.  When  L  is  a  triarylphosphinc,  two  products  arc  formed 
/AMf-[RhCII(CHj)(CO)Ljl  and  a  rhodium  ( 1 1 1 J  acyl  complex.  The  formation  of  two  products  precludes  a  simple  linear 
treatment  of  the  kinetic  data.  A  nonlinear  treatment  was  effected  with  use  of  the  program  facsimile.  This  clearly  shows, 
contrary  to  earlier  reports,  that  /raar-(RhCII(CH))(CO)L]]  is  not  a  significant  intermediate  in  the  formation  of  the  final 
acyl  product.  A  mechanism  is  proposed  which  involves  anionic  rhodium  specks  formed  by  reaction  of  dissociated  phosphine 
ligands  with  methyl  iodide  to  yield  the  corresponding  methylphusphonium  salts  and  iodide  ions  which  subsequently  coordinate 
to  rhodiumfl).  Analysis  of  the  data  obtained  shows  that  introduction  of  alkyl  substituents  in  the  para  position  of  coordinated 
tripbenylphosphine  enhances  oxidative  addition  at  rhodiumfl).  Trialkylphoiqrftines  are  more  effect  h  c  than  triarylphosphincs 
at  promoting  oxidative  addition  at  rhodiumfl):  alkyl  chains  longer  than  butyl  arc  marginally  less  effective  than  butyl  itself 


Introduction 

We  have  recently  described  the  syntheses  of  two  series  of 
phosphines  P(n-CwH2-+,)j  where  m  «  10-19  and  P- 
where  it  ■  3-9.1  These  phosphines  have 
rather  different  solubility  properties  to  those  previously 
available;  in  particular  they  are  extremely  soluble  in  aliphatic 
hydrocarbon  and  chlorinated  aliphatic  hydrocarbon  solvents. 
We  have  prepared  a  number  of  palladium(H).  pialinum(H), 
platinum(O),  and  rhodiumfl)  complexes  of  these  phoshina.' 
Our  reasons  for  doing  this  were  twofold. 

First,  phosphine  complexes  have  been  widely  used  as  ho¬ 
mogeneous  catalysts,  and  in  many  of  their  reactions  the  solvent 
plays  a  very  important  role.  Complexes  with  rather  different 
solvation  properties  might  behave  in  a  different  and  perhaps 
more  useful  way  to  those  already  known. 

Second,  if  alkanes  are  ever  going  to  be  activated  with  use 
of  homogeneous  catalysts  that  activation  will  have  to  be  ef¬ 
fected  in  solvents  that  are  chemically  more  inert  tKan  the 
alkanes  themselves.  No  such  solvents  are,  of  course,  available, 
and  if  homogeneous  catalysts  are  to  be  used,  then  those  fat- 
alysts  must  dissolve  freely  in  the  alkanes  themselves. 

A  very  important  step  in  many  homogeneous  catalytic  cy- 
clea,  including  alkane  activation,4  is  oxidative  addition. ** 
Accordingly  it  was  of  interest  to  determine  how  effective  the 
new  phosphines  were  at  promoting  oxidative  addition  to 
transition  metals.  Since  the  oxidative  addition  of  methyl  iodide 
to  rrsuu-[RhCI(CO)(PRt)i]  appeared  to  be  well  understood,' 
it  was  decided  to  study  this  system  first.  The  present  paper 
repons  this  study  and  shows  that  the  system  is  more  complex 
than  previously  suggested.  A  preliminary  account  of  this  work 
has  been  given* 

Experimental  Section 

ira»-|RbCI(CO)(PR,),|  wax  prepared  ax  dexcribed  previously.’ 
Solution*  of  »«M-|RbCKCO)(PR,)j]  (2  x  10  !  mol  L  ')  in  methyl 
iodide  (redixtilted)  wen  prepared  end  their  infrared  xpectr*  between 

(I)  (*)  The  Royal  Military  Qdkoe  of  Science.  (b|  The  Unrrcnny  of  Hall. 
<2)  (a)  Fraalu,  S..  Hartley  F.  R.;  McCaffrey,  D.  J.  A.  J  Chem.  Sar„ 
Ml*  Trmt  I  W,  102V  (b)  Frank*.  S.;  Hanky.  F.  R.  tkd.  I  Ml. 
2211. 

(I)  Frank*.  S.;  Hartley.  F.  R.  Anrr  (Him.  Acre  INI.  41.  235. 

<«)  Wrhw,  D.  E.  Adr  Oman oarrl.  Cheat.  1977,  IS,  147. 

IS)  A.  J.  Deeming  in  MTU*.  Rev.  Sri.:  learn  (hem.  Set.  Tan  IV7*. 

9,  Chapter  9. 

(4)  SURe.  1.  K.;  Lao.  K.  S.  Y.  An  (Hem.  Res.  H77, 10,  434. 

(7)  Olm.  J.  A.  la  "Orgaaatramitaon  Meul  Chemistry":  I  shit,  Y..  Tcauai, 
M„  F-4v.  Plenum  Preas:  Ntw  York.  1775:  p  S3. 

(t)  Oaack,  I.  C.;  WRkiman.  0.  J.  Chem.  Sue.  A  IN*,  X 04. 

(V)  Franki.  S..  Ilartky,  F.  R.:  CMpparfietd,  J.  R  Sympowam  on  the 
Catalytic  Aipactt  at  Metal  Phosphine  Canpkici.  Geelph,  Canada. 
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2100  and  I6J0  cm  1  monitored  as  a  function  of  time  with  U'C  Ml  a 
Perkin-EIntcr  Model  577  xpeclromctcr.  Camion'.  Methyl  iodide  is 
■  depressant  and  should  only  be  handled  in  wcll-vmlillaicd  areas 
Solution  infrared  cells  provided  with  sodium  chloride  windows  w  ere 
mounted  in  a  methanol. jacketed  cell  housing  which  waa  rn.iini.uncd 
at  constant  temperature  by  a  Tcchnc  Cl 00  circulating  bath  coupled 
to  a  Tcchnc  1000  refrigeration  unit. 

Dull  Analysis.  (I)  PR,  -  Triarylphniphlnt.  The  kinetic  data 
obtained  when  PR,  waa  a  triarylphosphinc  was  initially  analy  zed  as 
dcecribed  previously.'  In  this  analysis  a  series  of  assumptions  arc  nude 
in  Order  to  enable  a  linear  analytical  method  to  be  used.  It  soon  became 
apparent  that  the  assumptions  that  must  be  made  were  invalid,  and 
accordingly  a  nonlinear  analysis  was  undertaken  with  use  of  the 
computer  program  facsimile."  The  program  uses  the  initial  con¬ 
centrations,  molar  abeorptivities.  rate  equations,  and  guessed  values 
of  the  rate  coefficients  to  calculate  the  expected  variation  w  ith  lime 
of  the  absorbances,  A„  of  each  component.  It  can  vary  any  chosen 
parameters  (such  as  molar  abaorplivities  or  rale  coefficients)  and 
calculates  the  values  of  these  parameters  which  make  the  sum  of  the 
squares  of  the  residuals.  -  A-,—)3,  for  all  times  and  com¬ 

ponents  a  minimum.  An  F  test"  was  used  to  determine  whether  the 
fit  given  by  model  a  is  better  or  worse  than  that  given  by  model  b. 
If  5,  and  S*  are  the  minimum  sum  of  squares  of  residuals  by  the  two 
models,  then,  if  [(5,  -  5k)/n,|/(5's/(n,  -  n,)|  is  greater  than  F^y 
.  model  b  is  a  better  fit  than  model  a  at  the  o  level,  where  n„  is 
the  number  of  observations  and  n,  is  the  number  of  parameters 
determined  from  these. 

The  molar  absorptivity,  of  the  initial  rhodium(l)  complex  (species 
I)  was  known,  but  those,  en  and  of  the  second  and  third  rhodium 
complexes  (species  II  and  III,  respectively)  were  not  immediately 
available  because  the  reaction  proceeds  further,  albeit  slowly  ,  making 
it  difficult  to  get  reliable  t|H  values.  They  were  calculated  as  follows. 
For  each  species  the  absorbance  due  to  that  species  A,  is  given  by  cq 
I,  where  C|  is  the  concentration  of  species  i  and  /  is  the  cell  length. 

A,  m  if}  ( I ) 

If  c,  is  the  total  concentration  of  rhodium  present,  then 


c.  «  c,  *  r,t  4-  r,„ 
and  substituting  from  cq  1  into  eq  2  gives 
A\  An  Am 

</  *../  M,,/  "  ‘ 


or 


A, 

<1 


■4  ii  Am 

'll  'III 


<•„(  -  0 


C) 


O) 


(4) 


<  1473  Chance.  F..  M.; Cams.  A.  R  :  Tones.  I.  P,  Kirby.  C  N  Kep-ri  s’7S. 

Almnic  Energy  Research  fvlablohmeni:  l  nited  Kingd-wi.  I*'7 
(II)  llorl.  P.  fi.  'Tatruducinui  u-  Mathematical  Statistics".  4th  d  .  Wiley 
New  York.  1771:  Chapter  in 
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Figaro  I.  Observed  absorbances  for  the  reaction  of  (RhCl(CO)IP- 
(CtH,Bu-/>),U  with  methyl  iodide  at  36.3  *C:  (a)  1 980  cm'';-(b) 
2060  cm'1;  (c)l70Scm''.  Note  the  nonlinearity  of  the  time  scale. 


In  order  to  obuin  t„  and  <m  from  the  known  valae  of  <i  together  with 
the  set*  of  values  of  A,.  A„.  and  Am  at  different  times,  it  is  necessary 
to  find  the  "best  fit"  values  of  <u  and  <ni  such  that 

Z?(  AU  A  A"J  .  AllU  X  ,cv 

2*1  —  + - + - cjtm  minimum  (5) 

»-aV  1  'n  ‘III  / 

Condition  3  will  be  met  when  eq  6  and  7  are  fulfilled.  These  are  two 


a  J 

hi 

\A>*  A,u  A„u  \ 

I’! 

*1 /«.■)! 

{,  *1  ‘M  <111  J 

'1 

t 

(rl 

l’| 

a(l/‘ni) 

(S' 

V,  *i  ‘n  *ia  i 

n 

simultaneous  equations  which  can  be  solved  to  give  eq  II  and  9.  A 
simple  computer  program  was  used  to  evaluate  eq  I  and  9  from  sets 
of  absorbance  data  obtained  sa  a  function  of  time. 

«»  “  fE^n'EAnr1  “  (E'4aAm)t)/lrJ(LAm,E'*n  - 

E^|A|iiLda)  -  (\  / <iHT.AnAiT.Alu'1  -  EAu<4||i£A|Aui))  (*) 

‘at  *  lEAa*L^m’  -  (EAllAm),l/(r^(EAH*LAm  - 
E<d»dinEi<n)  “  (l/riXE/din^iE/fii1  -  £.AnAmHA,An)]  (9) 

(1)  PR)  «  TrMkytpheapUne.  First-order  rate  coefficicntt  for 
compounds  where  PRt  sms  a  tria Ik yi phosphine  were  calculated  from 
the  measured  absorbance  data  with  ate  of  the  usual  equation,"  |!a 
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Figure  2.  Observed  (— )  and  calculated  (---)  absorbances  for  the 
reaction  of  [RhCI(CO)L2l,  where  L  "  P(C,H4Bu-p)>.  with  methyl 
iodide  at  36.3  *C  analyzed  in  terms  of  the  model  in  eq  II. 

[(A.  -  A^/(A,  -  As)]  ”  kill,  and  a  least-squares  computer  program. 

Result* 

(i)  T rinry Iph a iplsiuro.  When  frwts-lRhC1(CO)(PR,))),  in 
which  PR)  is  a  triarylphosphine,  is  dissolved  in  methyl  iodide, 
the  initial  infrared  spectrum  shows  an  absorption  band  at  1980 
cm'1.  This  band  slowly  decays  in  intensity,  and  a  new  band 
at  2060  cm'1  due  to  [RhCll(CH,)(CO)(PR,),]  develops;  in 
time  this  bund  also  decays  with  the  formation  of  a  third  band 
at  1705  cm’1  due  to  fRhCI!(COCH,HPR,),l.  A  typical  re¬ 
cord  of  absorbance  against  lime  for  these  three  bands  is  shown 
in  Figure  I .  The  reactions  occurring  have  been  suggested  to 
be  initial  formation  of  the  rhodium(UI)-carbonylmcthyl 
complex  followed  by  combination  of  the  carbonyl  and  methyl 
ligands  to  form  the  final  rhodium!  Ill )-*cyl  complex  (reaction 
10).'  in  the  presence  of  methyl  iodide  this  can  be  examined 

(RhCKCOKPR,),]  +  CH,I 
rco-!980cm-' 

[RhCII(CH,)(CO)(PR,),|  — *  (RbClMCOClI.MPR,))) 
»co  “  2060  cm  1  r>ro  ”  1205  cm  1 

II  III 

(10) 


(121  Hast,  A.  A.;  Annum.  R.  C.  "Kinetia  sa d  Meeheauai".  2nd  rd..  Wiley 
New  Yort,  1961. 

(13)  Hartley.  f.  R.;  Barfcts,C.;  Aluck,  R.  M.  "Sohuioa  Eqaihbra'.  I  t- 
Ib-tlonnssl;  Chichester,  19U0. 

(14)  Forster,  1)  J.  Am.  ('hem  Soc.  197*.  *7.  051. 
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in  term*  of  the  model  in  eq  11.  When  this  wts  done  with  use 
I  II  III  (11) 

*-l 

of  experimentally  determined  molar  afasorptivitiea,  the  fit 
seemed  poor.  A  comparison  between  the  observed  absorbances 
and  those  calculated  when  the  data  for  [RhCl(CO)|P- 
(CtH«Bu-p))ll  at  36.3  °C  was  analyzed  is  shown  in  Figure  2. 
The  poor  fit  in  Figure  2  suggested  that  the  model  represented 
by  eq  2  was  wrong.  Accordingly  an  alternative,  chemically 
reasonable,11  model  represented  by  eq  12  was  investigated.  The 


fit  to  the  data  for  [RhCKCOMPfCt^Bu-p),)]  at  36.3  “C  was 
modi  improved,  particularly  the  fit  to  the  data  at  1 703  cm'1 
in  the  early  stages  of  the  reaction  (Figure  3);  the  sum  of  the 
squares  of  the  differences  in  the  observed  and  calculated  ab¬ 
sorbances  fell  from  802  when  analyzed  according  to  eq  1 1  to 
341  when  analyzed  according  to  eq  12.  The  line  improve¬ 
ment  of  fit  applies  at  aD  three  temperatures  investigated  (Table 
I);  it  also  applies  both  when  the  molar  absorbances  of  species 
II  and  III  are  constrained  at  their  experimentally  determined 
values  (obtained  as  described  in  the  Experimental  Section)  and 
when  they  are  treated  as  variables  and  refined  by  facsimile 
as  part  of  the  minimization  procedure.  F  tests  (see  Experi¬ 
mental  Section  and  Table  I)  also  indicated  that  the  model  in 
eq  12  gave  a  very  modi  better  fit  than  that  in  eq  11  at  the 
0.3%  level  for  all  the  different  phosphine  complexes.  A  model 
that  lies  intermediate  between  that  of  eq  1 1  and  12  is  shown 
in  eq  13.  When  the  data  was  analyzed  according  to  eq  13 


Franks,  Hartley,  and  Chipperfieid 


'V  I' 


with  *|  +  set  equal  to  A,(obsd),  the  apparent  first-order 
rate  constant  for  the  decomposition  of  I,  differences  ill  the 
observed  and  calculated  absorbances  were  higher  than  those 
from  eq  12  but  lower  than  those  from  eq  1 1, 

Analysis  of  the  data  for  the  othsr  triaryiphosphine  complexes 
[RhCl(CO)(PR,)J  where  R  -  C*Hj.  p- CaHjC.H*  •«»  p- 
C«H|,CtH«  according  to  eq  1 1-13  showed  the  same  trend  at 
with  the  data  for  [RhCl(CO)JP(C*H4Bu-p)J}  with  eq  12 
giving  the  best  fit  (Table  I)  and  eq  II  giving  the  worst  fit. 

A  mechanism  that  k  consistent  with  the  model  in  eq  12  is 
given  in  Scheme  I.  If  i,  were  small  relative  to  h*  h*  4.  and 
* t,  then  mechanistically  the  reaction  would  follow  eq  12.  It 
is  known  that  halide  ions  catalyze  the  oxidative  addition  of 
alkyl  halides  to  rhodium(l),M  so  that  ks  will  undoubtedly  be 
quite  large.  However  is  there  any  evidence  for  the  presence 
of  any  halide  ions  to  effect  the  k,  step?  There  is;  both  we  and 
previous  workers*  hare  observed  that  there  is  a  slight  increase 
in  the  conductance  during  the  course  of  the  reaction.  In 
addition  there  is  an  induction  period  at  the  start  of  the  reaction 
during  which  these  iodide  ions  may  be  formed.  We  initially 
ascribed  both  observations  to  competition  between  methyl 
iodide  and  rhodium(I)  for  tbs  tertiary  phosphine  resulting  in 
the  formation  of  tome  (PR,h  )+lRhCII(CO)(PR,)]  .  How¬ 
ever  a  revir  r  has  point*-'  it  that  the  single  step  that  we 
here  ascrib,  -  ’  is  i  a  a  composite  step  involving  first 
dissociation  of  a  r*  mhbm  from  the  rhodiumd),  k+.  The  free 
phosphine  so  fc.^sd  then  reacts  with  methyl  iodide  to  form 
the  phosphoniem  iodide.  The  iodide  then  attacks  the  rhodi¬ 
umd)  to  form  (RhClKCOHM*,))-.  *«.  It  is  not  possible 
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Ftgwv  3.  Observed  (— )  and  calculated  (---)  absorbances  for  the 
reaction  of  [RhO(CO)L,|,  where  L  •  P (CtH,B»-p)h  with  methyl 
iodide  tt  36.3  *C  analyzed  in  terms  of  the  model  in  eq  12. 


»,»,  •  I"  £3^  ",  *  iWlK*}|Se,£ 


3*rj|,irs»,>,.e'tretfV  !  »  *e,‘ 

experimentally  to  distinguish  between  the  single  step  (fc«)  in 
which  methyl  iodide  and  rhodiumd)  are  fat  tired  competition 
for  the  msdeophiiic  tertiary  phosphine  and  the  double  step  (h* 
+  *«a)  mechanism  in  which  phosphine  dissociation  from 
rhodium(I)  precedes  reaction  with  methyl  iodide.  This  is 
because  as  soon  as  excess  phosphine  is  added  it  reads  with 
the  methyl  iodide  present  to  form  the  phosphonium  iodide. 
Both  It*  and  k,  are  believed  to  be  even  larger  then  *5  because 
previous  work  with  anionic  rhodiomfl)  complexes  has  shown 
that  oxidative  addition  of  methyl  iodide  rather  then  the  com¬ 
bination  of  mdhyl  and  carbonyl  ligands  is  rate  determining.” 
Thus  of  the  rate  constants  **,  t*.  ft*  end  H*,  it  is  kf  that  is 
the  smaOest  and  this  it  known  to  be  larger  then  k,.  We  behove 
that  the  final  rhodrom(HI>-scyl  product  it  not  a  single  species 

(15)  Formt,  D.  S.  Am.  CVm.  Soe.  WH.  IS,  M 
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but  a  mixture  of  mainly  (RhCll(COCHj)(PR,)2|  together 
with  a  small  amount  of  [RhCII2(COCHj)(PR,)l  equivalent 
to  the  small  amount  of  (PR, Me)*  formed,  since  the  observed 
carbonyl  absorption  in  the  final  product  is  rather  broad. 

The  mechanism  in  Scheme  I  envisages  the  observed  slight 
increase  in  conductivity  arising  from  the  reaction  of  the  dis¬ 
sociated  tertiary  phosphine  ligand  with  methyl  iodide  to  form 
the  phosphonium  iodide.  Each  iodide  ion  is  thus  formed  in 
1:1  ratio  to  the  tertiary  phosphine  dissociated.  Thus  in  the 
present  system  excess  iodide  ions  are  never  present.  However 
if  excess  iodide  ions  arc  intentionally  added  then  they  will 
compete  with  and  displace  chloride  ions  from  rhodium  which 
should  promote  oxidative  addition  at  rhodium(l).1*  That  this 
is  so  was  confirmed  by  studying  the  reaction  of  (RhCl- 
(CO)|P(C4H4Et-/j),|)  in  the  presence  and  absence  of  added 
tetra-n-propylammonium  iodide.  It  is  apparent  (sec  Table  I) 
that  addition  of  excess  iodide  has  more  effect  on  the  k,  rate 
constant  than  on  k}.  Again  we  believe  that  this  is  consistent 
with  the  scheme  put  forward  because  in  the  absence  of  in¬ 
tentionally  added  iodide  there  arc  no  iodide  ions  free  to  take 
part  in  the  k,  step.  When  iodide  ions  arc  added  intentionally, 
they  will  compete  with  chloride  and  so  enhance  the  k,  rate 
constant.  Since  iodide  ions  are  present  in  the  k,  (effectively 
kj)  step  whether  or  not  tetra-n-propylammonium  iodide  is 
added,  the  effect  of  adding  extra  iodide  ions  on  the  k ,  step  is 
relatively  small. 

Activation  parameters  were  calculated  for  the  rate  constants 
in  Table  I  evaluated  according  to  the  model  in  reaction  1 2. 
These  are  given  in  Table  II. 

(ii)  Trialky Iphosphines.  When  /ranj-[RhCI(CG)(PR,)2) 
complexes  in  which  R  was  n-C4H,,  n-C,H,7,  and  n-C,|llr 
were  dissolved  in  methyl  iodide,  rapid  oxidative  addition  of 
methyl  iodide  to  yield  trani-(RhCII(CHj)(CO)(PRj)2l  oc¬ 
curred,  but  subsequent  combination  of  methyl  and  carbonyl 
ligands  to  form  an  acyl  complex  did  not  take  place.  These 
reactions  accordingly  followed  simple  first-order  rate  laws.  The 
first-order  rate  constants  are  given  in  Table  III. 

Discussion 

First-order  rate  constants  for  the  oxidative  addition  of 
methyl  iodide  to  /ra/u-[RhCI(CO)l,2|,  lc„  can  be  seen  from 
Tables  I  and  III  to  decrease  as  a  function  of  L  in  the  order 
L  -  P(n-C|H|7),  a  P(»-C4H,)j  >  P(«-C„H„)j  >  P- 
(CtH4C4H,-p),  2  P(CtH4C2ll5-/>),  >  P(CtH4C6H | ,-/»),  > 
P(C6Hj)].  The  greater  ease  of  oxidative  addition  at  rhodi- 
um(l)  complexes  containing  trialkylphosphinc  ligands  com¬ 
pared  to  those  containing  triarylphosphine  ligands  is  expected 
on  the  basis  of  previous  results  and  is  ascribed  to  the  greater 
electron  density  present  at  the  rhodium  atom  when  trialkyl- 
phosphine  ligands  are  present.  We  anticipate  that  the  elec¬ 
tron-donating  abilities  of  Pfn-C.H^,)  as  n  is  varied  from  4 
to  8  to  18  will  not  vary  significantly.  Accordingly  we  ascribe 


(16)  Shaw,  B.  L„  personal  communication. 
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the  decrease  in  first-order  rate  constants  for  the  oxidative 
addition  of  methyl  iodide  to  bis(trialkylphosphinc)chloro- 
carbonylrhodium(l)  complexes  as  the  alkyl  chain  increases  in 
length  beyond  eight  carbon  atoms  to  stcric  effects,  whereby 
the  phosphine  with  very  long  alkyl  chains  is  slightly  more 
stcrically  demanding,  so  decreasing  the  case  of  oxidative  ad¬ 
dition. 

The  case  of  oxidative  addition  to  rhodium(l)  complexes 
containing  tris(para-substitutcd  aryl)phosphines  varied  with 
the  para  substituent  in  the  order  n-C4H*  >  C2H,  >  «-CtH|, 
>  H.  The  order  n-alkyl  >  11  is  cxpcctod  on  electronic  grounds. 
The  order  C2HS  >  n-CtH,j  could  be  due  to  the  marginally 
greater  stcric  demands  of  P(C6H4CtH|,-p),  than  P- 
(C6H4C2Hs-p).  However  the  position  of  the  n-butyl  substituted 
phosphine  is  anomalous,  and  we  ascribe  its  position  to  subtle 
and  not  yet  understood  solvation  factors.  In  doing  this,  it 
should  be  emphasized  that  the  simplistic  stcric  and  electronic 
arguments  we  have  advanced  to  explain  the  order  of  the  re¬ 
maining  ligands  may  themselves,  in  reality,  be  not  more  than 
convenient  conventional  arguments.  All  the  results  may  be 
dominated  by  solvation  effects. 

The  rate  of  reductive  elimination  of  methyl  iodide  from 
(rans-[RhC!I(CHj)(CO)|P(C4H4R-/>),|],  k  decreases  in  the 
order  C2H5  >  n-C4H,  >  n-CtH„  >  H  (Table  I)  The  dif¬ 
ferences  between  the  three  alkyl  groups  arc  very  small.  The 
greater  case  of  reductive  elimination  from  the  complexes 
containing  alkyl  substituted  phosphines  compared  to  tri- 
phcnylphosphinc  is  probably  a  consequence  of  the  greater  stcric 
demands  of  the  alkyl  substituted  phosphines. 

Since  *s  of  Scheme  I  is  the  least  of  k,.  ky  kt.  and  the 
rate  constants  ky  in  Table  I  correspond  to  K,  tempered  by  the 
equilibrium  constant  K,  or  the  equilibrium  constants  ku  and 
Kt*  that  is,  they  reflect  the  case  of  oxidative  addition  at  anionic 
rhodium(l)  complexes  containing  Irisf/valkylaryllphosphines. 
k}  increases  as  a  function  of  the  alkyl  suslituent  in  the  order 
C2H,  >  n-C4H*  >  h-C4H,j  >  H.  The  order  n-alkyl  >  H  is 
the  same  as  found  for  oxidative  addition  to  neutral  rhodium(l) 
species,  The  order  within  the  alkyl  groups  could  reflect 
the  marginally  increasing  stcric  demands  of  the  ligands  as  the 
alkyl  group  increases  in  size. 

In  conclusion  the  present  work  has  demonstrated  that  the 
mechanism  for  the  oxidative  addition  of  methyl  iodide  to 
lrons-(RhCI(CO)(PR})2]  is  more  complex  than  previously 
reported.*  The  introduction  of  alkyl  substituents  in  the  para 
position  of  coordinated  triphcnylphosphinc  promotes  oxidative 
addition  at  rhodium(l).  Trialkylphosphincs  are  more  effective 
than  triarylphosphincs  at  promoting  oxidative  addition  at 
rhodium(l);  alkyl  chains  longer  than  n-butyl  are  marginally 
less  effective  than  n-butyl  itself. 

Acknowledgment.  We  thank  Dr.  S.  G.  Murray,  l>r.  W.  P. 
Griffith,  and  Professor  B.  L.  Shaw  for  useful  discussions. 
Johnson-Matthey  and  Co.  Ltd.  for  the  loan  of  rhodium  salts, 
and  the  European  Office  of  the  U.S.  Army  for  financial  as¬ 
sistance  under  the  auspices  of  Grant  DAERO-79-O-0033. 


I. 


Proofs  to  Dr  S  G  Murray 


Contribution  from  the  Department  of 
Chemistry  and  Metallurgy,  The  Royal 
Military  College  of  Science,  Shrivenham, 
Wiltshire,  United  Kingdom,  SN6  8LA  and 
the  Department  of  Chemistry,  The 
University  of  Hull,  Hull,  United  Kingdom, 
HU6  7RX. 


The  oxidative  addition  of  1-haloalkanes  to  trans —  [RhX(CO) (PR^ ) ^  (R  =  aryl ) 
F  R  Hartley*1®,  S  G  Murray*1®,  D  M  Potter1®  and  J  R  Chipperf ieldlb. 


The  oxidative-addition  of  1-bromopropane  to  trans —  f RhBr ( C 0)  {  P(p-EtC%iy3}2  j 
has  been  found  to  follow  pseudo  first-order  kinetics  and  give  only  an  acyl 
rhodium(lll)  product.  The  reaction  is  not  catalysed  by  added  bromide  ion 
in  chloroform  solution,  indicating  that  an  anionic  intermediate  such  as 
[RnBr-.,(C0)  ^P(p-KtC^2^  J-  does  not  play  an  important  part  in  thiB  reaction. 

The  oxidative-addition  of  iodomethane  to  trans- [Rhl( CO) (PPhj)„ t  has  been 
shown  to  be  more  complicated  than  previously  indicated.  A  non-linear  treav, 
nient  of  IR  absorbance  data  has  clearly  shown  the  importance  of  the  dimer 
trans- t  Hh(u-l)  (CO)  (PPh^)  )„  in  this  reaction.  The  reaction  iB  oxygen  sensi\:xve, 
the  oxidation  of  phosphine  to  phosphine  oxide  having  an  accelerating  effect. 

The  oxidative-addition  of  iodomethane  to  t.  -as- [ Rh ( n -X ) ( C 0) ( PPh  ^ X  -  Cl 
and  I,  is  pseudo  first-order,  the  reactivity  increasing  by  replacing 
chloride  by  iodide. 
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Introduction 


The  oxidative-addition  of  iodomethane  to  trans-[RhCl(COXPR^)^  1 .  _I, 

2  3 

has  recently  been  shown  to  be  more  complicated  than  previously  indicated  . 

A  mechanism  involving  the  anionic  intermediate  [RhClI(CO)  (PRj)  ]~  has  been 
2 

proposed  ,  although  the  possibility  of  halide  exchange  between  iodomethane 
and  I  to  give  trans- ' RhI ( C 0) ( PR^ ) ^ ]  complicates  this  system.  Thus  it  was 
decided  to  study  systems  in  which  the  same  halogen  was  present  in  both  the 
1-haloalkane  and  the  rhodium(l)  complex  trans- [RhX( CO)  (PR^)^  j ,  II.  The 
systems  chosen  were  1-bromopropane  to  trans- [ RhBr ( C  0) ( p-Et(^ j  as  well 
as  iodomethane  to  trans- [RhI (CO)  (PPh^),,  ] .  Unfortunately,  during  the  prepara¬ 
tion  of  II,  X  =  I,  R  =  para-subs t i tuted  phenyl,  the  phoBphine  was  found  to 
dissociate  readily  to  give  dimeric  trans- [ Rh( y-I )  ( CO)  (PR Q  )J2. 

Although  the  oxidative-addition  of  iodomethane  to  trans- [  RhI  ( C  0)  ( PR.^ )  „  |,  nas 
been  reported  previously  ’  the  presence  of  the  dimer  III,  R  =  Ph,  was  not 

noted  by  these  authors.  The  reactivity  of  trans- [ Rh ( n-Cl )  ( CO)  ( PPh^ ) to 

6  7  7 

both  oxidative-addition  ’  and  reductive-elimination  haB  been  compared  to 
that  of  monomeric  rhodium(l)  species  and  has  been  found  to  be  greater.  It 
would  be  expected,  therefore,  that  the  dimer  would  play  an  important  part  in 
the  mechanism  of  oxidative-addition  of  iodomethane  to  trans- IRhl(CO)  ( PPh^ )  j . 
To  further  understand  the  role  played  by  trans- j Rh( m-I) (CO)  (PPh^) in  the 
latter  system,  the  oxidative  addition  of  iodomethane  to  trans- [ Rh ( m-X)( CO )- 
(PPhg)j2,  III,  X  =  Cl  and  I,  was  also  investigated. 

Experimental  Section 

Trans- [ RhX ( C 0) ( PR3 )  ] ,  II,  X  =  Bi’  and  I,  R  =  Ph  ar.o  p-itC^were 
prepared  by  the  literature  method4.  The  complexes  trans-[Rh(u-X)(CO)(PR3) j 
111’  *  «  Cl  and  I,  R  *  Ph,  were  prepared  by  a  modified  literature  method** 
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under  an  atmosphere  of  nitrogen  and  in  the  dark  . 


Solution  of  trans-[RhX(CO)(PPh3)2i,  III,  X  =  Cl  and  I,  trans- [Rhl(CO)  (PPhg)]^ 
in  iodomethane  and  trans- f  RhBr(CO)  (PR^)^  j,  R  =  Ph  and  p-EtC^  in  1-bromopropane 
were  prepared  and  their  infrared  spectra  between  2200  and  1600cm  1  monitored 
as  a  function  of  time.  The  iodomethane  and  1-bromopropane  were  redistilled 
under  an  atmosphere  of  nitrogen,  freeze  degassed  twice  and  stored  under  nitrogen 
prior  to  use.  Trans- [Rhl( CO) (PPhg)g ]  was  subjected  to  a  high  vacuum  (0.08mm  Hg) 
to  remove  any  oxygen  absorbed  onto  the  surface  of  the  complex  and  then  stored 
under  nitrogen,  at  25°C,  until  addition  of  the  iodomethane.  The  reaction 
mixture  was  then  transferred  to  the  IR  cell  which  had  been  flushed  out  by 
nitrogen  using  a  syringe.  The  rate  of  reaction  between  1-bromopropane  and 
trans-[RhBr(CO){P(p-Et(^(y3^2  ]  was  also  measured  in  chloroform  solution  in  the 
presence  and  absence  of  added  tetra-n-propylammonium  bromide. 

The  infrared  spectra  were  monitored  by  use  of  a  Perkin-Elmer  Model  577 
spectrometer.  Solution  infrared  cells  fitted  with  potassium  bromide  windows 
were  mounted  in  a  methanol- jacketed  cell  housing  which  was  maintained  at 
constant  temperature  by  a  Techne  C100  circulating  bath  coupled  to  a  Techne  1000 
refrigeration  unit. 

Data  analysia 

The  kinetic  data  was  analysed  by  a  pseudo  first-order  method  and  this 

proved  satisfactory  for  all  systems  except  the  oxidative-addition  of  iodomethane 

to  trans- [ Rhl ( C 0)  ( PPh^ ) „ ]  where  a  nonlinear  analysis  was  necessary.  This  was 

g 

undertaken  with  the  FACSIMILE  computer  program  which  uses  the  initial  concentra¬ 
tions,  molar  abeorptivities,  rate  equations  and  estimated  values  of  the  rate 
coefficients  to  calculate  the  expected  variation  with  time  of  the  absorbances 
A^  of  each  component.  It  can  vary  any  chosen  parameters  (such  as  molar 


absorptivities  or  rate  coefficients)  and  calculates  the  values  of  these 

parameters  which  make  the  sum  of  the  squares  of  the  residuals,  £*(Aobg  ~ 

ACaic)*  •  for  times  and  components  a  minimum.  An  F  test*^  was  used  to 

determine  whether  the  fit  given  by  model  a  is  better  or  worse  than  that  given 

by  model  b.  If  and  are  the  minimum  sum  of  squares  of  the  residuals 

by  the  two  models,  then  if  [(S^-S^J/n^ ]/[S^/(no~np) ]  is  greater  than 

F^  np-n0  •  model  b  is  a  better  fit  than  model  a  at  the  «  level,  where  nQ 

is  the  number  of  observations  and  np  is  the  number  of  parameters  determined 

from  these.  The  molar  absorptivities  for  the  carbonyl  absorption  of  the 

rhodium  complexes  shown  in  Scheme  3  could  not  be  calculated  by  use  of 
2 

simultaneous  equations  because  decarbonylation  occurs  to  give  XII.  The 
molar  absorptivity  due  to  of  JI  in  iodomethane  was  initially  obtained  by 
comparison  with  its  molar  absorptivity  in  chloroform.  The  molar  absorptivity 
of  III  in  iodomethane  and  the  value  of  k£  had  already  been  measured  (Bee 
Table  1).  Thus  by  use  of  these  values  and  an  estimation  of  the  molar  absorp- 

tivities  due  to  the  carbonyl  absorptions  of  IX  and  X  by  comparison  with  earlier 
2 

work  enabled  computer  fitting  to  be  achieved. 

Results 

Bead  ion  of  trane- [  RhBr  (CQ)(  PR^ )  „],  B  -  Ph  and  p-EtC^K.  with  1-bromopropane. 

A  pseudo  first-order  plot  was  obtained  for  the  reaction  of  trans- 
[RhBr(CO)(PR3)2i  with  1-bromopropane  by  following  the  decrease  in  the  IR 
absorption  at  1960cm  1  due  to  in  II.  The  IR  spectrum  showed  the  only 
product  to  be  a  rhodium  acyl  complex,  whose  structure  is  assigned  as 
[RhBr2(CCPr)tP(j>-Btrfy^^2j  by  comparison  with  earlier  work2,3.  IR 
spectroscopy  showed  no  vCQ  corresponding  to  IV.  Thus  the  reaction  is  not 
complicated  by  either  halide  exchange  or  dimerisation  in  spite  of  the  fact 
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Table  1:  Observed  rate  constants  for  the  reaction  of  1-haloalkanes  with 

[RhX(CO)<PR3)2]  and  [Rh(p-X) (CO) (PRg) ]g 


Complex 

Halo- 

alkane 

Temp 

(#C) 

Rate 

constant 

k(s_1) 

e(M_1cm"1)a' 

[RhI(C0)(PPh3)2] 

Mel 

20 

kAb 

7.33  x  102 

eA1022 

kAAb 

8.1  X  10-3 

eaa554 

kcb 

6.7  x  107 

ec1083 

k-cb 

3.12  x  10-4 

ed558 

kDb 

12 

1.0  x  UT* 

£e  554 

k-Db 

1.11  x  10-6 

kEb 

2.4  x  10-3 

kP 

1.53  x  10-4 

[Rh(u-I)(CO)(PPh3)i2 

Mel 

20 

kobs 

2.4  x  10-3 

e  554 

kob8 

2.2  x  10-3 

[Rh(n-Cl)(C0)(PPh3)] 

Mel 

20 

kobs 

4.9  x  10-4 

E  55  3 

kobs 

5.7  x  10"4 

[RhCl(CO)(PPh3)2] 

Mel 

20 

kobs° 

1.17  x  10-4 

e  1340 

[RhBrtCOOtRt^Ph^l 

MeBr 

25 

kobs 

6.0  x  10-7 

[RhBr(CO){p(p-Ety^2: 

n-PrBr 

40 

kobe 

e  1200 

a.  Extinction  coefficients  are  for  the  rhodium (I)  complexes  except  where 
otherwise  stated. 

b.  Obtained  by  analysis  according  to  equations  1-5  using  FACSIMILE  (ref  9). 

c.  An  approximate  first  order  value 

d.  From  reference  15. 
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that  due  to  the  lower  reactivity  of  the  1-bromoalkane  the  reaction  was 
followed  at  40#C. 

Two  reaction  routes  are  possible  (Scheme  1),  There  could  be  either  a 
fast  propyl  transfer  to  give  an  acyl  complex,  V,  from  IV,  which  is  in 
equilibrium  with  II  as  shown  in  route  A,  or  simultaneous  addition  and 
transfer  as  shown  in  route  B.  The  rhodium(m)  complex  was  observed  to 
slowly  decarbonylate,  the  expected  product  being  VI.  Similar  decarbonylations 
have  been  reported  previously*?1  The  reaction  was  studied  in  the  presence 
and  absence  of  added  tetra-n-propylammonium  bromide  in  chloroform,  but  two 
otherwise  identical  reactions  showed  no  significant  difference  in  rate 
(Table  2).  This  indicates  that  the  anionic  intermediate  [RhBr2(CO){.P(p-EtCjl\).^r 
does  not  play  an  important  role  in  the  oxidative-addition  of  1-bromopropane 
to  II,  X  m  Br  and  R  *  p-EtCjH^.  The  oxidative-addition  of  1-bromopropane  to 
trana- j RhBr ( CO ) ( PPh^ ) ^ 1  occurs  at  a  rate  too  slow  to  measure  at  this  temper¬ 
ature.  Wilkinson  found  no  reaction  occurred  between  bromoethane  and 
trans-[RhCl(00)(PPh3)2 j  at  25eC.3 

Reaction  of  trane- [Rh( y~X) (CO) (PPh^)  with  iodomethane .  The  oxidative- 
addition  of  iodomethane  to  trana- [Rh(u-I) (CO)  (PPh^)  ]2  was  found  to  follow  a 
pseudo  first-order  rate  law  with  iodomethane  always  present  in  a  large  excess. 

The  observed  rate  constant  (hob#)  was  obtained  by  measurement  of  the  decrease 
of  carbonyl  absorption  in  the  IR  due  to  trans- i Rh ( n-I ) ( C  0)  ( PPhj ) L  ( vCQ  1980cm"1). 
The  reaction  products  are  the  rhodiua(XIl)  alkyl  complex  VII  and  the  rhodium- 
(III)  acetyl  complex  VIII  which  are  in  equilibrium.  [Rh(n-Cl)X(CO)(He)(PMe3) j2, 

X  *  Cl,  Br  and  I,  equilibrate  in  an  identical  manner  to  give  the  acyl  complex 
[Rh(ii-Cl)X(OOMe)(PMe3)  jg.1^  In  Scheme  2  the  assumption  has  been  made  that 
X1-1  X*  the  initial  product  although  this  may  not  necessarily  be  the  case. 
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Scheme  1 
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The  molecular  structures  of  VII,  X  =  Cl  and  I,  have  been  assigned  by  compari¬ 


son  with  [Rh(p-Cl)Br(CO)Me(PMe2Ph)  the  crystal  structure  of  which  has 
12 

been  reported  .  The  oxidative-addition  of  iodomethane  to 
trans-[Rh(u-Cl)(CO)(PPh3)  ]2  {Scheme  2)  also  gave  pseudo  first-order  kinetics. 

As  shown  in  Table  1  the  rate  of  oxidative-addition  (kQ^8)  of  iodomethane  to 
the  monomeric  trans- f RhC 1 ( C 0) ( PPh^ ) ^ 1  is  only  slightly  slower  than  that 
observed  for  the  dimeric  trans- [Rh(>i-Cl)( CO) (PPhg)  ]g  although  a  direct 
comparison  cannot  be  made  due  to  the  possibility  of  halide  exchange  in  the 
monomeric  system2. 

Reaction  of  trans-[RhI(C a (PPh^) ,]  with  iodomethane.  During  the  preparation 
of  this  complex  it  was  found  to  dissociate  a  phosphine  ligand  to  give  an 
equilibrium  amount  of  the  dimer  [Rh(M-I)(C0)(PPh3) j2>  III* .  Also  the 
extreme  oxygen  sensitivity  of  trans- [Rhl( CO)  (PPhg)2 j  was  noted  and  so  care 
was  taken  to  exclude  oxygen  from  the  reaction  cell.  As  there  was  a  possibil¬ 
ity  of  a  reversible  oxygen  absorption  onto  the  surface  of  trans- f RhI ( CO) ( PPh^ ).,  ~, , 
samples  were  placed  under  high  vacuum  before  use.  A  reversible  oxygen  absorp- 
tion  onto  the  surface  of  [RhCl(PPh3>3]  has  previously  been  reported  .  The 
reaction  of  trans- [RhI (00) (PPhjKl  with  iodomethane  was  monitored  by  the 
decrease  of  at  1980cm-1  and  was  found  to  follow  a  second-order  rate  law 
in  the  early  stages  of  the  reaction.  This  suggested  the  dimer  trans- 
[Rh(n-l)(CC}PPh3) Ig,  III,  plays  an  important  part  in  the  oxidative-addition. 

The  initial  products  heave  vCQ  2060cm-1  (assigned  to  the  rhodium(III)  acyl 
product  j0.  After  a  time  a  new  carbonyl  absorption  due  to  a  rhodium(III) 
alkyl  species  with  v  2048cm-1  was  observed .  The  time  taken  for  the 
appearance  of  vC£)  2048cm-1  increased  when  oxygen  was  rigorously  excluded 
from  the  cell,  and  coincided  with  the  emergence  of  a  phosphine  oxide 
absorption  at  1130cm-1  in  the  IR  spectrum.  Thus,  as  shown  in  Scheme  3, 
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Scheme  3 


2[RhI  ( CO )  ( PPhg )  g  ] 

II  vc0  1980cm-1 


XII 


*  VI  Is  in  equilibrium  with  the  acyl  isomer  VIII  shown  in  Scheme  2. 
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initially  there  is  a  rapid  reaction  of  trans-f Rh( n-I ) (CO)  (PPh^ ) U,  with 

iodomethane  to  give  IX  and  X,  which  is  then  followed  by  a  slow  reaction  to 

give  the  final  products  via  the  rhodium( U I)  alkyl  complex  having  vCQ 

2048cm-*  {assigned  the  structure  VII) .  The  change  from  reaction  route  A  to 

reaction  route  B  in  Scheme  3  occurs  due  to  removal  of  the  free  dissociated 

phosphine  by  oxidation  to  phosphine  oxide,  which  is  too  poor  a  donor  to  be 

able  to  break  the  halide  bridges  of  [Rh( p-I)KCO)Ne(PPh^) ^ to  give  monomeric 

products.  In  the  presence  of  triphenylphosphine  the  halide  bridges  of  both 

[Rh( M-I)I(C0) (Me) (PPhg)  ]2<  VII,  and  (Rh(ii-I)I(CCHe)(PPh3)  )2,  VIII,  would  be 

expected  to  be  rapidly  broken  to  yield  the  monomers  IX  and  X.  Complexes 

VII  and  VIII ,  X  =  Cl,  are  known  to  react  rapidly  with  free  triphenylphosphine 

g 

to  yield  monomeric  species  .  In  a  situation  where  the  reaction  occurs  under 
a  nitrogen  atmosphere,  route  B  would  not  occur. 

The  reaction  mechanism  shown  in  Scheme  3  was  tested  by  FACSIMILE  and 
found  to  give  a  good  fit,  with  the  sum  of  the  squares  of  the  residuals 
s  4231.  The  rate  constants  for  each  step  are  shown  in  Table  1.  This 
reaction  was  analysed  using  the  equations  1-5.  The  fit  between 


II  +  II  Si 

— III  ♦  2P 

(1) 

III  »  2P 

♦  2 Me I  a— *  2JX 

(2) 

III  ♦  2P 

♦  2NeI  2£ 

(3) 

III  - 

->  VII 

(4) 

P  +  Jj02  - ►  P0(  inactive) 

(5) 

P  *  triphenylphosphine,  PO  *  phosphine  oxide. 

The  calculated  and  observed  absorbances  for  the  reaction  of  trana- [ BhI ( CO ) ( PPh j ) i 
with  iodomethane  at  20*C,  whan  analysed  in  terms  of  Scheme  3,  shown  in 
Figures  la  and  lb.  Analysis  of  this  reaction  by  a  mechanism  having  ££  in 
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Absorbance 
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Fig.  1(b).  Computer  fitting  for  model  using  equations  1-5. 


Predicted  absorbance  for  Q£  at  2060cm"1  ( — ) ,  predicted 
absorbance  fbr^B  at  2048cm"1! — )  ,  experimental  absorbance 
at  2060 cm"1  ( - )  and  experimental  absorbance  at  2048cm"1 
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Absorbance 


Computer  fitting  for  model  using  equations  1, 2,6,4  and  5. 
Predicted  absorbance  format  1980  cm-1( — ), predicted 
absorbance  format  1705cm”  (-•-),  experimental 
absorbance  at  1980cm-1  ( — )  and  experimental  absorbance 
at  1705cm1  ( — ). 


52-2  126 

Time  (sec)  *10-2 
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Fig.  1(d). 


Computer  fitting  for  model  using  equations  1,2,6,  4  and  5. 
Predicted  absorbance  for  g.  at  2060cm-1  (-—),  predicted 
absorbance  for  1g[  at  2048cm-1( — )  .experimental  absorbance 

at  2060cm-1  ( - )  and  experimental  absorbance  at  2048cm-1 

(— ). 


/  \ 

/  V 

/  \ 

/  \ 

/ 

/ 


.// 


Time  (sec)*  10" 
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equilibrium  with  _X_  by  use  of  equations  1,  2,  6,  4  and  5  gave  a  poorer  fit 
(Figures  lc  and  Id),  with  the  sum  of  the  squares  of  the  residuals  =  36,426. 

IX  |i  X  (6) 

IR  spectroscopy  shows  that  the  final  reaction  product  slowly  loses  carbon 

1  14 

monoxide.  The  final  product  has  H  NMR  and  IR  spectra  and  microanalysis 

consistent  with  the  structure  XII  in  Scheme  3. 

Discussion 

2  5 

The  results  presented  here  and  in  earlier  work  ’  suggest  a  mechanism  of 
oxidative-addition  of  1-haloalkanes  to  trans- [RhX(CO)  (PR3>2 i >  ££•  X  =  Cl  and 
Br,  R  =  phenyl  or  para-substituted  aryl,  where  acyl  (TV)  and  alkyl  (VJ 
complexes  are  formed  independently  from  II  as  shown  in  Scheme  4. 

Scheme  4 


This  has  been  explained  by  use  of  a  mechanism  involving  the  anionic 
intermediate  [RhX,,(CO)  (PR^)  j”  formed  on  dissociation  of  phosphine  and 

2 

formation  of  a  quatexBary  phosphonium  Balt  by  reaction  with  the  1-haloalkane  . 
The  addition  of  1-bromopropane  to  II,  X  =  Br  and  R  =  p-EtC^,  yields  only  the 
rhodium(III)  acyl  product  V,  as  shown  in  Scheme  1.  This  supports  the 
general  mechanism  shown  in  Scheme  4  although  in  this  case  the  formation  of 
IV  does  not  occur  as  the  value  K-  does  not  favour  its  formation.  A  mechanism 
involving  formation  of  the  acyl  complex  without  a  rhodium (III )  alkyl 
complex  as  intermediate  is  unlikely.  It  is  improbable  that  this  intermediate 
is  the  anionic  acyl  complex  [RhBrg(CO)Pr{p(  p-Ett^j^j-  formed  by  the  oxidative- 
addition  of  1-bromopropane  to  tRhBr2(C0){p  (g-Ktiyj)^]2  "  as  this  reaction  was 


\ 

1 


fafep-t. 


found  not  to  be  catalysed  by  the  addition  of  added  bromide  ion.  An 
alternative  simpler  explanation  is  that  the  intermediate  is  an  isomer  of 
IV,  in  which  carbonyl  insertion  into  the  rhodium(III)  methyl  bond  is 
sterically  favoured  (ie  isomer  IV  (b)  in  Scheme  5)  and  rapidly  occurs  to 
give  the  acyl  complex  V. 

i'he  mechanism  of  oxidative-addition  of  iodomethane  to  trans- 
[RhlfCOHPPh^^] ,  although  complicated  by  dimerisation,  also  proceeds  via 
an  equilibrium  between  the  rhodium(I)  dimer,  and  rhodium(III)  acyl  and 
alkyl  complexes  as  shown  in  Scheme  6.  This  is  more  complicated  because  the 
reaction  also  involves  cleavage  of  the  halide  bridges  of  a  dimeric  rhodium(IIl) 

Scheme  6 

III 

/  % 

IX  X. 

acyl  or  alkyl  complex.  The  rise  in  conductivity  reported  to  occur  during 

5 

this  reaction  could  be  explained  by  reaction  of  iodomethane  with  dissociated 
phosphine  to  give  [ Ph^PMe ] +I_,  and  reaction  with  the  phosphine  oxide, 

produced  during  the  course  of  this  reaction,  to  give  an  equilibrium  amount 

of  JPhgPOHeJ +I  .  The  rate  of  oxidation  of  phosphi-te  to  phosphine  oxide  is 

faster  than  reported  in  the  absence  of  rhodium  complexes16.  Ih  the  example 

shown  in  Table  1  where  oxygen  was  initially  vigorously  excluded  from  the 

reaction  cell,  it  was  impossible  to  prevent  slow  ingress  into  the  pumping 

loop  over  the  6  hr  run.  Without  the  complex  present  free  phosphine  would 

show  little  oxidation  under  these  conditions. 

The  oxidative-addition  of  iodomethane  to  trans-f Rh(y-X) (CO) (PPh^) jg 

was  found  to  be  dependent  on  the  halide  in  the  order,  I  >C1.  The  addition 

of  1-bromoalkaneB  to  tranB- 1  PhX ( C 0) ( PR^ ) .. i  II,  X  =  Br;  PRj  =  P(p-Et<^)3  and 
15 

PEtgPh  is  slow  (Table  1)  due  to  the  lower  electrophilicity  of  the  substrate. 
The  rate  of  oxidative-addition  has  been  found  to  be  dependent  on  the  cooraxn- 
ated  phosphine  of  trans-j  RhX(CO)  (PR3)2  j  •  When  X  =  Br  the  order  R  =  pftt^iPh 
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was  found 


In  conclusion  the  oxidative-addition  of  iodomethane  to  trana- 
[Rh(  m-X)  (CO)  (PPh_)  ]„  involves  nucleophilic  attack  of  the  metal  complex  on 
the  carbon  of  the  iodomethane.  The  enhanced  reactivity  of  trans- 
[Rh(  M-I)(CO)(PPhg)  jg  to  oxidative-addition  has  led  to  this  being  the 
reactive  species  in  the  apparent  reaction  of  iodomethane  to  trana- 
[RhI(CO)(PPh3)2]. 
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Chapter  6 

The  Decomposition  of  Mustard  and  it;  Derivative* 

Proeoted  by  Rhodiuad  )  Tertiary  Phoephine  Conplexes 

Introduction. 

Classically  mustard  can  be  degraded  by  one  ot  two  nethoda . 

(1)  By  hydrolyaia,  which  ia  pH  independent  alnce  atep  A  la  rate  determining 
in  reaction  sequence  (5)1.  Two  hydrolyses  are  required  to  yield  the  Inactive 
thlodlglycol : 

/**S,  HO 

R8CH2CH  Cl  >RS - CHa  Cl  — “■>  BSCH^jOH  ♦  HC1  (1) 

step  A  step  B 


R  -  CH2CH2C1  and  CH^jOH 


2 

(ii)  By  oxidation  as  shown  in  reaction  sequence  Z  ,  although  the  aultone 
has  sons  vesicant  activity. 


0 

8(CH3CH2Cl)a  ~ >  8(CH2CH2C1,2 
sulfoxide 


i(CH2CB2Cl)2 


(3) 


sulfone 

Both  of  these  degradation  routes  could  be  promoted  by  rhodlun(I) . 


(ill)  Hydrolysis  Promoted  by  Bhodlun(l)  Conplexes. 

Halide  exchange  reactions  of  trans-lBhl(OO) (PBj)^l ,  described  in 
Chapter  3,  could  be  used  to  catalyse  the  hydrolysis  of  wstard.  Exchanging 
lodo  for  chloro  in  bls(2-chloroethyl) sulphide  nay  nake  hydrolysis  occur 
faster  as  iodide  is  a  better  leaving  group  (Scheme  1).  It  has  already  been 
shown  that  bromide  is  a  better  leaving  group  than  chloride  in  reactions 

3 

involving  a  similar  three-menbered  cyclic  intermediate  . 
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r 


Sche 


HEhI<PR3)^ 


R  =  phenyl,  para-aubatituted  phenyl  or  alkyl. 

R'  =  CHCHC1  or  CHCHOH . 

2  2  2  2 

(lv)  Oxidation  Promoted  by  Rhodium  Cooplexes. 

Rhodium- oxygen  complexes  have  been  uaed  to  oxldlae  a  variety  of  organic 
4  5  6  7 

aoleculea  including  alkenea  ’  and  phoaphlnea  '  .  A  catalytic  proceaa  could 
uae  thla  type  of  oxidation  to  produce  the  Inactive  sulfoxide  as  ahown  in 
Schene  2. 

Scheme  2 


i 

i 

i 


I 


L 


ft*?*-! 


„  r  »v»  n- 


cn2(x2ci. 

phenyl,  para-substituted  phenyl  or  alkyl. 


I  =  +  1  oxidation  state. 


Ill  =  +3  oxidation  state. 


3.  The  Application  of  Rhodium  Catalysed  Deactivation  of  Mustard. 

The  most  cost  effective  use  would  be  in  self -decontaminating  paints  and 
cloth.  A  series  of  rhodium  complexes  bound  to  polypropylene  have  been  developed 
in  our  laboratory  as  shown  in  equations  3  and  4,  therefore  any  catalytic 
process  developed  for  mustard  decontamination  could  be  adapted  for  use  in  paints 


(-CH.CH-)  +  mCHCH-X  Xrf^ktion 

«  &  Z  - 


-O 

-o 


(-CH-C  — ) 

2  |  n 

{CHa-CB-)i 


^  ,<s>  =  grafted  polymer  _ 

(p)-PPh2  +  jRh(acac)  (CO)^J  - f  (Jth(acac)  (CO)  ((  P>PPhaLJ  (4> 

and  cloths,  by  binding  the  rhodium  into  the  paint  or  cloth.  Alternatively  the  very 


soluble  tertiary  phosphines  developed  in  Chapter  2  could  be  used  to 
rhodium  complexes  dissolved  freely  in  paints  and  polymers . 


that  the 


3.  Decontamination  8tudles. 

a.  Preparation  of  Mustard.  Half-Mustard  and  Sesqul-kustarrt . 

Mustard9,  half-mustard10  and  sesqul-mustard11  were  prepared  as  described 
in  the  literature  (reactions  5-7). 


♦  BOCHjCMjCl 


BOCHCH8CHCHOH 
2  2  2  2 


C1C8CH8CH_CHC1 
2  2  2  2 


EBCHCHOe 
2  2 


R8~  ♦  cicH2caaOH  - > 

^  SOCl2  (6) 

R  =  CH  and  CH3CH2  RSCBjCRjCI 

'SCH2CH28_  +  aClCHjCH^OH  - >  HOCHjCHjSCHjCHjStajCH^H 

2S0C1  (7) 

Z 

V 

C1CH2CH2SCH2CH2SCH2CH2C1 

b.  The  Rate  of  Hydrolysis  of  tejUrt  by  Water. 

The  rate  of  hydrolysis  of  Mustard  by  water  is  dependent  on  stirring 
rate,  and  so  the  rate  of  hydrolysis  was  Measured  In  a  series  of  uncatalysed 
react ionm  as  a  control  to  compare  with  catalysis  experiments.  In  all  cases 
the  sane  experimental  procedure  was  employed  as  described  below.  The 
results  are  shown  in  Table  1. 

Experimental  Procedure:  Bls(2-chloroethyl) sulphide  (0.25nl,  0.32g, 

_3 

2.0  x  10  nole)  was  pipetted  into  25ml  of  water  and  stirred  for  10  mins. 

The  mustard  was  extracted  by  dichloromethane  (50ml)  and  the  concentration 

of  mustard  determined  on  a  Pye-Unicam  204  Chromatograph  equipped  with  a  flame 

12  13 

ionisation  detector  using  a  2.8m  column  containing  5%  0V1  on  diatonite  ’ 
Figure  1  shows  the  linear  relationship  between  the  concentration  of  mustard 
and  the  area  of  the  QC  peak. 

c.  Attempted  Catalysis  of  Mustsrd  Hydrolysis  by  [RhKPPhg)^] . 

An  attempt  was  made  to  promote  mustard  hydrolysis  by  catalysing  the 
exchange  of  chloride  for  iodide  as  in  Scheme  1  (R  «  Ph) .  Excess  iodide  was 
added  as  MPr^+I~ ,  which  was  soluble  in  mustard,  to  help  initiate  the  reaction. 
The  mixture  was  stirred  for  10  mins  in  water.  The  mustard  was  then  extracted, 
as  described  in  section  b,  and  its  concentration  determined  by  GC.  The 
result  is  shown  in  Table  1. 
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Table  1 


The  Decontamination  of  Mustard  In  the  Presence  and 
Absence  of  Promoters 


Decontaminant 

Promoter 

Time  (min) 

%  Decontamination 

Water 

None 

10 

4% 

Water 

None 

30 

24% 

Water 

None 

60 

44% 

Water 

10 

14% 

Oxygen  in 

CH  Cl 

2  2 

(RhCl<02)<PPh3)^| 

48  hrs 

42% 

d.  Attempted  Catalytic  Oxidation  of  Mustard  by  [RhCl(PPh3)^)  . 

An  attenpt  was  made  to  pronote  the  oxidation  of  nustard  by  the  oxidation 

shown  In  Schene  2  (R  =  Ph) .  Oxygen  complexes  formed  fron  [ShCKPPhg)^]  14 

4  5 

are  known  to  catalyse  tbe  oxidation  of  organic  compounds  such  as  olefins  ’ 
and  therefore  It  was  hoped  that  this  and  the  oxygen  complex  described  In 
Chapter  3  (reference  3)  might  promote  the  oxidation  of  mustard. 

[ShCl(PPh3)^]  underwent  oxidative-addition  on  treatment  with 
bis (2-chloroethyl) sulphide .  The  air  stable  product  was  lsolsted  by 
precipitation  with  benzene.  *H-NMR  and  IR  spectroscopy  and  elemental  analysis 
were  consistent  with  the  structure  J..  The  rhodlun(III)  complexes  formed  by 
oxide tive-addlt loo  of  alkylhalldes  usually  decompose  either  via  reductive 
elimination13  or, In  the  presence  of  air  via  oxidation  as  described  In 
section  l.  The  unusual  stability  of  I^to  both  oxidation  and  reductive 
elimination  probably  in  due  to  the  chelating  effect  of  the  nustard 
ligand. 
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e.  Catalytic  Oxidation  of  Mustard  by  [RhCl(02) (PPhg) J . 

To  avoid  the  competing  oxidative-addition  o f  mustard  to  [RhCl(PPh3)J 
forming  £,  the  rhodium-oxygen  complex,  [5hCl(02) (PPhg)^  was  used  as  the 
catalyst  instead  of  (RhCKPPhg)^]  in  Scheme  2.  The  reaction  mixture  was 
stirred  in  air  under  dry  conditions,  the  results  are  shown  in  Table  1. 

f .  summary  of  Decontamination  Studies. 

From  these  initial  studies  [5hCl(02)  (PPh3)J  is  a  promising  candidate 
for  further  studies  in  the  catalytic  degradation  of  the  mustard  agents. 

Further  investigation  into  the  stability  of  the  complex  _I  may  also  lead  to  a 
catalytic  process  for  mustard  degradation. 

This  novel  approach  to  the  decontamination  of  mustard  agents  also  lends 
itself  to  a  system  where  the  metal  complex  may  be  strongly  bound  to  polymer 
materials.  This  is  by  the  use  of  radiation  grafted  polymers  which  functionalise 
inert  polymers  with  ligand  moieties.  This  is  also  a  specialised  research  area 
in  which  our  laboratories  have  considerable  expertise. 
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CHAPTER  7 


Carbon  Hydrogen  Bond  Activation  Using  Platinum (0)  Complexes 
1.  Introduction 

A  major  objective  of  the  original  grant  application  was  the  activation  of 

C-H  bonds.  Classically  this  has  been  achieved  using  platinum(II)  complexes  by 

1  2 

an  oxidative-addition  reaction  (reaction  1) . ’  The  product  of  reaction  1  is  a 


\ 

+  -C-H 


—  C 


IV 


— H 


(1) 


platlnum(IV)-alkyl  complex  and  these  have  a  very  limited  chemistry.  By  contrast 

o 

platinum(II)-alkyl  complexes  have  a  much  vider  chemistry.  Accordingly  ee  attempted 
to  prepare  platlnum(II)-alkyl  complexes  by  the  oxidative-addition  of  C-H  bonds  to 
platlnum(O)  complexes.  In  chapter  S  we  have  shown  that  tertiary  phosphine 

3 

platinum(O)  complexes  readily  undergo  oxidative- addition  with  methyl  iodide.  In 

the  present  chapter  we  show  firstly  that  tertiary  phosphine  platinum(O)  complexes 

readily  undergo  oxidative-addition  with  the  relatively  inert  C-Cl  bond  of 

dlchloromethane  and  that,  in  the  absence  of  more  reactive  bonds  undergo  oxidative- 

addition  with  C-H  bonds,  for  example  in  pentaf luorobenzene. 

The  fundamental  aim  of  the  work  described  in  the  present  chapter  was  to  try 

to  generate  coordlnatlvely  unsaturated  platinum (0)  species  in  solution  in  the 

presence  of  an  organic  substrate  since  it  was  envisaged  that  these  species  would  be 

highly  reactive  and  possibly  bring  about  oxidative-addition  of  a  C-H  bond 

according  to  reaction  2.  Some  compounds  [KL^] ,  H  =  Pd,  Pt;  L  *  large  bulky 

4-7 

phosphine  have  been  prepared  and  been  shown  to  be  highly  reactive  towards 


Pt°  +  R-H  ^  R-PtU-H  (2) 

oxidative- addition®-1®. 

Recently  ,  it  has  been  demonstrated  that  DBU  (DBU  3  1 ,8-diazabicyclo [5 ,4 ,o} - 
undec-7-ene)  will  remove  HC1  from  trans- I PtHCl (PPhj) J  in  the  presence  of  a  weak 
ligand,  L,  according  to  equation  3. 

C  H 

trans- |PtHCl(PPh0)3l  +  DBU  +  L  —  — ■>  [PtL(PPh3)2~l  +  *DBU.HC1  (3) 
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DBU.HC1  is  a  white  solid,  insoluble  in  bensene.  Our  original  plan,  therefore, 


was  to  prepare  a  series  of  hydride  complexes,  trans- [PtHCl (PRj>3 I  and  investigate 
the  reaction  in  equation  3  to  see  if  it  would  be  possible  to  generate,  in  situ,  specie 
of  the  type  |Pt(PR^)^{  when  no  other  ligands  are  present. 

2.  Preparation  of  Hydride  Complexes. 

Although  we  have  previously  reported1*  the  preparation  of  trans- fptHCl (PRj) J  , 

R  =  n-alkyl,  by  the  hydrazine  reduction  of  els- [PtCl„ (PR^)^! ,  a  nore  convenient 

13  14 

route  for  both  platinum(II)  and  palladluB(II)  hydride  complexes  is  shown  in 
equations  4  and  S (M  =  Pd,  Pt) . 

2[ici2(codr|  +  2NaOH  [Bci (C^^OC^ri 2  +  2NaCl  (4) 

[MCl<CgH12OCH3)32  +  4PR3  2  (mCKPRg)^  +  2CgH120CH3  (5) 

We  have  used  this  reaction  to  prepare  the  hydride  complexes  of  platlnum(II)  with  the 

long  alkyl  chain  phosphines.  The  reactions  with  P(n-C4Hg>3 ,  P(n-CgH17)3  and 

P(n-C14H29>3  were  carried  out  using  a  mixture  of  aqueous  methanol  and  chloroform 

to  ensure  homogeneity  of  the  reaction  mixture.  However,  the  reaction  does  not 

succeed  using  PPhg  and  the  corresponding  hydride  had  to  be  prepared  by  the 

literature  procedure1®.  With  P(n-C  H  )  and  P(n-C„H  )  ,  the  complexes  were 

isolated  as  waxes,  while  for  P(n-C.  H  )  a  low-melting  off-white  solid  was  obtained. 

14  29  3 

Bach  complex  showed  a  strong  v(H-H)  band  in  the  Infrared  spectrum.  However,  the 
P(n-C14H29>3  derivative  proved  to  be  a  mixture  of  products  from  the  mlcroanalytieal 
data  (Table  1). 

Table  1 :  Mlcroanalytieal  Data  for  (FtHCl(PR3)^]  (Found  (Calculated)) 


C(%) 

H(%) 

P(%) 

|ptHCl{P(n-C4H9)3}^j 

46.1(45.3) 

8. 6(8. 7) 

9. 4(9. 7) 

(PtHCl{P(n-C8Hl7)3}2] 

60.1(59.3) 

10.4(10.7) 

6. 5(6. 4) 

d«Cl{P(n-C14H29)3g 

66.3(68.3) 

11.9(11.9) 

5. 4(4. 2) 

|?tHCl  (PPh3)^j 

56.9(57.2) 

4. 3(4.1) 

8. 1(8. 2) 
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3.  Attempted  D/H  Exchange  Experiment ■  Using  traps- fptHCl  (PPhj)^] ■ 

It  waa  hoped  that  a  reaction  of  the  type  shown  in  Scheme  1  might  occur  under 
the  conditions  used.  Any  exchange  that  would  take  place  may  be  detected  by  nmr 
spectroscopy. 

trans-(?tHCl(PPh3)JP  +  DBU  - — ^  [?t(PPh3>^]  +  DBU.HC11 

Ph3\  £) 

(PtlPPhg)^  ♦  CflD6  Pt 

Ph3P 

I!  tH' 

-Ob 

(pt(PPh3)^  +  C6D5H  ^==5  Pt 

Ph3P  X“ 


Scheme  1 


The  reaction  was  carried  out  under  nitrogen  using  dry,  degassed  solvents.  To  a 
warn,  stirred  solution  of  trie- fptHCKPPhj)^!  (0.2g,  0.26  nmol)  in  d®-bensene  (3ml) 

g 

was  added  a  solution  of  DBU  (0.06g,  0.39  mmol)  in  d  -bensene  (3ml).  An  ianediate 
colour  change  from  colourless  to  yellow  was  noted  (indlcstlve  of  platinun(O)  species 
in  solution).  After  stirring  for  2h  only  s  snail  amount  of  precipitate  was  torned. 
This  was  filtered  off  and  glacial  acetic  acid  (3ml)  added.  The  mixture  was  stirred 
at  B0°C  for  lOh.  Analysis  of  the  products  showed  that  no  exchange  had  taken  place 
and  most  of  the  trans- fptHCHPPhj)^!  could  be  recovered  unchanged.  It  thus 
appeared  that  under  the  above  conditions  only  s  very  small  quantity  of  a  platinun(O) 
species  was  formed  and  that  equilibriums  lies  heavily  on  the  left.  In  the  presence 
of  further  ligands,  such  as  phenylacetylene33 ,  [pt(PhCaCH) (PPh3>2]  may  be  formed  in 

trans- (PtHCl(PPh3)31  +  DBU  IftOThg)^  ♦  DBU.BC1  (6) 

almost  quantitative  yield.  We  decided  to  investigate  the  possibility  of  preparing 
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[?t(C2H4) (PPhg}^]  using  this  method  vlth  a  view  to  removing  the  olefin  by 
hydrogenation . 

An  authentic  samples  of  [Pt(C0H  )(PPh  )J  was  prepared  by  a  standard  literature 

16.  Z  4  J  v 

procedure  (equations  7-9)  in  60%  yield  based  on  KgPtCl4.  could 

NaBH 

K2PtCl4  ♦  4PPh3  |Pt(PPh3)^  17) 

C  H  _ 

(Pt(PPh3)^j  +  202  — —  |?t02(PPh3)^|  +  2PCK»h3  (g) 

Nana 

fEt02<PPh3>^  +  C2H4  1t5r»  lB(C2H4)<PPh3>^  <»> 


also  be  prepared  in  30%  yield  via  the  reaction  shown  in  equation  10.  Using  a  5-fold 

trjms-(ptHCl(PPh3)^]  +  DBU  +  | Pt (C^)  (PPhg)^  1  y  DBU.HC1  (i0) 

excess  of  DBU,  the  ethylene  complex  may  be  nrenared  in  almoat  Quantitative  yield. 

([Pt<C2H4)(PPh3)J  requires:  C,61.4%;  H,4.6%;  P,8.3%:  found:  C,60.9%;H,4.6%;  P,8.8%. ) 

4.  Attempted  D/H  Exchange  Experiments  Using  [jPt(C2H4)(PPh3)^]  . 

It: was  believed  that  using  [PttC^l (PPhg)^]  ,  a  reaction,  such  as  that  shown 
in  Scheme  2,  might  occur.  The  reaction  was  carried  out  using  dry,  degassed  solvents. 

+  H 

[Ft<c2H4)<PPh3)^  5=*  (ft<PPh3)^  y  c2h6 


gt<»h3)^  ♦  C#D5I 

Scheme  2 
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A  solution  of  |Pt(C3H4)(PPh3)^]  <0.25g,  0.33  Mol)  In  d6-bensene  *5nl)  was  stirred 
under  an  ataosphere  of  hydrogen.  The  solution  turned  a  deep-red  colour  within  a 
few  alnutes.  Froa  this  solution  a  brown  solid  could  be  Isolated.  Stirring  the 
reaction  aixture  for  6fh  at  roon  teaperature  did  not  bring  about  any  deuterlua- 
hydrogen  exhcnage  in  deuterobensene . 

The  brown  solid  that  could  be  Isolated  froa  the  reaction  aixture  did  not 
appear  to  be  a  hydride,  but  the  ir  and  1H  nar  spectra  indicated  that  the  only 
ligand  present  was  PPhg.  Therefore  it  is  likely  that  a  reaction  such  as  that 
described  in  equation  11  had  taken  place.  Cluster  coa pounds  of  this  type  are  known 

n(Pt(PPh3g  - >  £tn(PPh3)2^  (11 

froa  atteapts  to  Isolate  [Pt(PPh3>2]  17 . 


During  the  characterisation  of  [ptCC^)  (PP^g  it  noticed  that  solution, 
of  the  coaplex  in  chlorotora  deposited  a  solid  on  atandlag  at  roon  teaperature  for 
a  few  days.  On  further  exaalnstlon  It  was  found  that  a  C-Cl  bond  of  the  solwent 
had  ozldatlwely-added  to  the  aetsl  coaplex.  Furtheraore,  a  nun bar  of  different 
products  could  be  Isolated  depending  on  reaction  conditions.  Although 
oxidative- additions  of  halogenoaethanes  to  (Pt(L) (Whj>2J  where 

L  ■  alkene  or  alkyne,  have  been  reported!*"*0  reaction  of  the  present  coaplex  with 
CBC13 under  aablent  conditions  has  not.  In  particular  close  exaalnstlon  of  this 
syatea  has  led  to  rather  unexpected  results  In  that  product  forest ioc  depends  on  a 
nuaber  of  factors  such  as  the  presence  of  oxygen,  reaction  tlae,  teaperature  and 
concentration. 

All  the  solvents  used  were  dried  and  purified  by  dlstlllatlea.  Bthaaol  was 
reaoved  froa  CBClg  before  use.  The  following  la  a  suaaary  of  tbs  work  carried  out. 
<1)  If  [Pt<C1«4,<PPh8)J  is  stirred  in  CBCl^  (O.lSaol  da-*)  aader  nitrogen 
for  7  days,  a  white  precipitate,  lj  feme  froa  a  bright  yellow  solution.  This 
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■olid,  }j>  was  shown  by  IR  spectroscopy  and  microanalysis  to  be 
cls-[PtCl2<PPh3>3]  ([ptCljtPPhg)^  requires:  C,54.7%;  H,3.8%;  P,7.8%; 
found:  C,S4.0%;  H,3.9%;  P,7.8%).  This  complex  could  also  be  prepared  in  the 
presence  of  air  but  was  only  formed  under  these  conditions  when  the  concentration 

_  3 

exceeded  0.12mol.da  either  in  air  or  under  Ng. 

(11)  The  addition  of  n-hexane  or  diethyl  ether  to  the  yellow  solution  obtained 
in  (i)  caused  the  deposition  of  a  yellow  solid,  II,  which  was  shown  by  IR 
spectroscopy  and  elemental  analysis  to  be  [pt(CHCl2)Cl(PPhg  >2] • 
([pttCHCl^CltPPbg)^  requires:  C,  53,0%;  H,  3.7%;  P,7.4%;  found:  C,53.3%; 

H , 3 . 8% ;  P,7.6%).  Further,  in  each  experiment  where  chloroform  was  used,  a 
yellow  solution  was  obtained  from  which  this  compound  was  Isolated.  The  IR 
spectrum  of  the  product  appeared  to  Indicate  that  the  clti-isomer  is  formed. 

This  complex  is  the  only  product  if  the  reaction  is  carried  out  under  nitrogen 

-3 

at  concentrations  of  less  than  0. (Mmol. dm 

-3 

(ill)  If  the  reaction  is  carried  out  in  air  using  a  concentration  of  0.04mol  dm 
of  (puCj^MPPhj)^  in  CHClg,  a  yellow  solid,  «,  precipitates  from  a  yellow 

solution  within  lh.  This  can  be  recrystallised  from  CHClg.  Both  the  crude 
and  recrystalllaed  material  have  Identical  IR  spectra  and  in  particular  show 
a  strong  C-H  stretching  band  due  to  free  CHC13  at  2955cm-1.  Elemental 
analysis  shows  that  If  is  probably  the  solvate  |Pt(CHCl2)Cl(PPh3>2J .xCHClg, 
([pttCHCljjlCKPPhg)^ -CHC13  requires:  C,47.6%;  H,3.3%;  P,6.5%;  Cl, 22. 2%; 
found:  C,  45.8%;  H.3.2%;  P,8.8%;  Cl.20.7%.  The  slight  discrepancy  in  the 
calculated  and  found  figures  is  probably  due  to  a  non- integral  number  of 
chloroform  molecules  associated  with  each  molecule  of  complex).  Prolonged 
drying  of  this  solvate  removes  the  free  chloroform,  as  indicated  by  the  IR 
spectrum  and  the  sample  analyses  for  [pt(CHCl2)Cl(PPh3)2| . 

([ptCCHCljjFKPPhg)^]  requires:  C,53.0%;  H,3.7%;  P,7.4%;  found:  C,52.1%; 

H,3. 7%;  P,7.6%).  The  IR  spectrum  also  shows  thst is  probably  the 
trans-isomer,  this  Isomer  being  less  soluble  in  the  solvated  form  than 


138. 


the  unsolvated  cla-lsomer.  Work  up  of  the  yellow  solution  after  the 
precipitate  IJ  has  been  removed  gives  the  complex  III,  £is-[pt(CHCl2)Cl(PPh3)2]  . 
(iv)  If  oxygen  is  bubbled  through  the  solution  during  the  reaction  of 

Qpt(C3H4)(PPh3)a]  with  CHClj  then  the  known21  compound  [ptO^PPh^]  may  be 
isolated,  as  shown  by  an  intense  band  in  the  IR  spec true  at  820ce  1  due  to 
v(0-0)  and  comparison  with  an  authentic  sample.  Further,  if  a  suspension  of 
[Pt(C2H4)(PPh3>2]  is  stirred  in  acetonitrile  in  air  for  23h  then  the  aole 
product  is  [pt02<PPh3)  J  CHgCH  (u(0-0)  at  820cm'1,  v<C30  at  2245cm'1 
cf.v(C=H)  in  CH3CR  at  2245cm'1;  [pt02(PPh3>2]  CHgCN  requires;  C.57.6*; 

H,4.2%;  H,1.8%;  P,7.8%;  found:  C,57.6%;  H,  4.2%,  S,  1.4%;  P,  8.4%).  Attempts 
to  purify  this  coapound  by  recrystallisation  from  CHClg  yielded  a  yellow  solid 
which  was  identical  to  trana-  fpt (CHC13)C1 (PPhg)?l xCHCl, .  Thus  the  presence 
of  oxygen  affects  the  formation  of  products  according  to  Scheme  3.  The 
formation  of  cis-fptCl^PPhjJj]  appears  to  occur  from  either  £  or  IJ  but  is 
only  generated  at  high  concentrations.  It  also  probably  has  its  origins  in  a 


Scheme  3 

[pt(CaH4)(pPh3)a] 


CHC1 


cia- [Pt  <CHC12)C1  (PPh3)2] 


CHC1 


Alrdj^Ualted  02) 


both  cis  and 

trans  isomers 


[pto2(PPh3)2] 


CHC1- 


tru»-  [Pt  <CHCla)Cl  <PPh3)  2]  xCHC13 
II 


photochemical  process.  Although  the  reactions  were  carried  out  In  the  dark. 

owing  to  the  removal  of  the  ethanol  stabiliser  from  the  chloroform  prior  to 

the  experiments ,  such  reactions  are  known  to  occur  very  readily  If  even  the 

19  22 

smallest  amount  of  light  Is  allowed  to  enter.  ’  It  has  also  been  reported 
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that  photolysis  of  [ptO^(PPhj)j]  la  CHCl^  in  the  absence  of  air  gave  unidentified 

23 

side-products  assumed  to  arise  fro*  oxidative  addition  of  the  solvent,  although 

direct  photolysis  of  [pt(C2H4)  <PPh3)2]  in  CHClg  gives  trans- [ptHCltPPhg)^.24 

These  results  therefore  indicate  that  the  overall  systea  is  a  very  coaplex 
one.  The  product  distribution  is  governed  by  the  presence  of  oxygen  and  light, 
and  also  by  the  relative  proportions  of  each.  The  concentration  of  the  reactants 
are  also  laportant.  A  further  coaplicatlon  to  the  systea  is  that  all  reactions 
have  to  be  carried  out  at  rooa  teaperature  owing  to  the  ease  of  foraatlon  of  tbe 
unreactive  cluster  compounds  [ptn (PPh^ ) 2nl It  was  therefore  thought  necessary 
to  look  for  a  stapler  systea. 

6.  The  Preparation  of  [ptiPR^g]  and  their  reaction  with  C6HPB. 

26 

It  has  been  shown  that  the  coaplex  £pt{P(C2H5)3)3J  lB  ®xtr®*®Iy  reactive  and 

26  27 
readily  reacts  both  with  dihydrogen  and  the  C-H  bond  in  pentafluorobensene 

Since  we  have  already  published  our  work  on  the  analogous,  but  less  reactive 

compounds  (Pt<PR3)3J,  R  =  alkyl,  ji-alkylpbenyl , '  it  was  thought  that  the 

preparation  and  a  study  of  the  reactions  of  the  coaplexes  [pt<PR  )  1  would  not  only 

provide  systems  capable  of  oxidatively  adding  activated  C-H  bonds,  but  would  also 

give  further  insight  into  how  tbe  long  alkyl  chain  phosphine  llgsnds  would  modify 

their  high  reactivity.  These  species  may  also  be  handled  at  higher  temperatures. 

(pt (PR j) g]  were  prepared  by  treating  [pt(cod>2]2Swlth  the  appropriate  tertiary 

phoaphine . 

Due  to  the  relative  instability  of  [Pt(cod)^]  when  in  solution  the  complex 

is  usually  stirred  in  suspension  in  n-hexane  to  which  the  reactant  is  added.  On 

reacting  [pttcod)^]  with  P(n-C4*#>3  or  P (— <^ ^  in  the  aole  ratio  1  :  3  in 

n-hexane  deep  orange  solutions  formed  from  which  red-orange  oils  were  Isolated  by 

evaporation  of  the  solvent.  These  coaplexes  showed  extreme  sensitivity  to  air 

31 

inasmuch  as  attempts  to  obtain  nlcroanalyses  and  Pnar  spectra  gave  results 
indicative  of  the  foraatlon  of  oxidation  products.  The  31Pnnr  gave  no  signal 
attributable  to  [PtCPR^)^],  the  intended  product,  but  instead  gave  signals  shoving 
the  presence  of  [PtOjtPRj)^] ,  OPR3  and  some  minor  phoaphine  oxidation  products. 
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The  reaction  with  P(n-C  H  )  waa  further  studied,  again  in  the  nole  ratio  of 

—  4  9  3 

[Pt(cod)2]to  ligand  of  1  :  3,  In  an  sttenpt  to  prepare  the  tri -coordinate  coaplex 
[Pt{P(n-C .H0),}-]  This  species  has  been  previously  reported® ,  the  nethod  of 

4  9  3  3. 

O 

preparation  being  reaoval  of  one  ligand  f roa  the  tetrakls  coaplex  at  70  C  In  vacuo- 

Also  the  coaplex  [pt{P(C2H5)3}3]  has  been  reported  to  react  with  C^HFg  to  produce 

trans-[ptH<CgFs){P|jH8)3}3]34  Thus  to  gain  evidence  for  the  existence  of 

(Pt{P(n-C4H9>3}3]  after  reaction  of  [ptlcod)^  with  P(n-C4H9>3,  the  bright  yellow 

oil  which  was  Isolated  by  solvent  reaoval  in  vacuo  was  further  reacted  with 

C  HP  at  rooa  teanerature  for  36  hrs.  Reaoval  of  excess  C.HF.  In  vacuo  left 
6  8  6  8  - 

29 

a  yellow  oil  which  gave  an  IR  spec t run  very  slallar  to  that  reported  for  trans- 
[ptHCCgF^fPd^HgJg}^  with  v(g-H)  at  2035  ea-1.  It  has  not  been  possible  to 
identify  the  hydride  signal  In  the  *H  nar  spec true  on  our  Perkin  Elaer  R32  90  MHz 
spectroaeter.  This  Is  not  unexpected  due  to  coupling  of  this  single  proton  In  a 
large  nolecule  to  both  19SPt  and  31P  which  for  trans- [?tH(CgF5){P(n-C4H9)3}2] 
would  give  a  possible  pseudo-triplet  of  triplets. 

The  coaplex  [Pt (cod)^]  was  reacted  In  a  slallar  fashion  In  n-hexane  suspension 
with  the  ligand  P<C  H  )  which  on  work-up  yielded  a  sandy-brown  solid.  As  the 

16  33  3 

reactants  were  again  used  In  a  1  :  3  aole  ratio  the  expected  product  was 
[Pt{P(C19H33)3}33 ,  however,  alcroenalysls  did  not  support  this  forwulatlon  (Found 
C,70.9%;  H.12.3%;  P.4.1%;  c144H297P3pt  requires  C,74.7%;  H,12.9%;  P,4.0%>  neither 
did  reaction  (atteaptetQ  with  C9HF6<  By  analogy  to  the  reaction  of  C^HF^  described 
above  It  would  be  expected  for  oxidative  addition  to  occur  If  the  tri-coordinate 
species  was  present.  However,  the  sandy-brown  product  was  recrystallised  unchanged 
froa  CgHFg.  I*  should  be  noted  that  It  Is  not  Inconceivable  that  the  sterlc  bulk 
of  the  ligand  night  Inhibit  reactions  at  the  netal  centre.  A  possible  product 
night  be  [ptO^PtC^H^)^]  <c96H1B8p208pt  requires  C,70.2%;  H.12.2*;  P,3.8%) 
and  It  is  difficult  to  assess  this  possibility  by  IR  spectroscopy.  Work  Is 
continuing  to  characterise  these  extrenely  sensitive  conplexes. 
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7.  Reaction  of  [pt(cod)j]  with  phosphite*  P(OR>3 

Whan  three  equivalent*  of  P(OC4Hfl)3  vere  reacted  with  one  equivalent  of 
[pt(cod>2]  aa  a  stirred  suspension  then  the  solution  became  homogeneous  within 
30  min  sad  assumed  a  deep  yellow  colour.  Evaporation  of  the  solvent  In  vacuo 
gave  a  nob lie  pale  orange  oil  which  partially  solidified  on  extensive  drying. 

This  material  gradually  darkened  to  a  deep  red  wax  on  standing  even  when  kept 

o 

under  nitrogen  at  -20  C.  The  microanalyals  suggests  that  only  platinum  and  ligand 

In  the  ratio  1  :  3  remain  (Found  C,40.3%;  H,9.1%;  P,10.3%;  C„H  0  P  Pt  requires 

30  ol  “  3 

C,4S.7%;  H.8.6V  p,9.8%),  however,  the  31P amr  of  the  wax  lndlcatea  that  the 
product  is  not  solely  the  expected  (ptfPtOC^H^gJg] .  Unlike  the  corresponding 
phosphine  complexes,  no  ligand  exchange  processes, which  are  fast  on  the  nmr  time¬ 
scale,  are  occurring.  At  ambient  temperature  two  sharp  resonances  are  seen  at 
192.6  and  127.7  ppm  relative  to  as  externsl  standard  and  showing  couplings 

of  6406  and  8395Hz.  respectively.  The  signal  at  127.7  ppm  can  be  attributed  to 
[Pt{P(0C^Hfl)3}J  from  literature  values30  however,  It  Is  more  difficult  to  assign 
a  structure  for  the  species  giving  rise  to  the  other  signal.  One  consideration  Is 
the  speclea  |Pt{P(0C4Hj>)3}3]  since  the  larger  ‘Jpt  _p  would  be  expected  for  a 

trl-coordlnate  Pt(0)  species  as  compared  to  a  tetrakls  complex  due  to  Increase  in 

31 

■-character  of  the  Pt-P  bond  In  the  trl-coordlnate  complex  .  However,  since  the 

darkening  of  the  wax  may  well  be  caused  by  the  presence  of  colloidal  platinum  metal 

then  the  unknown  complex  may  have  the  formula  |pt{P(0C4H9>3>n]  where  n  «■  1-3. 

For  n  ■  1  or  2  then  cluster  compounds  may  result. 

When  [pt(cod)23  WM  reacted  with  two  equivalents  of  P(0C4Hg)3  again  a  deep 

red-orange  product  was  formed  after  work-up.  Analysis  of  this  oil  was  not  consistent 

with  a  stoichiometry  of  one  platinum  atom  to  two  ligands (Found  C,44.8%;  H,8.4%; 

C24H84°6P2Pt  requires  C,41.4%;  H,7.7%).  This  suggests  the  possibility  of  the  ligand 

31 

(cod)  remaining  coordinated  to  the  platinum.  The  P  nmr  spectrum  of  the  oil 
again  Indicates  that  a  mixture  of  products  Is  formed.  Signals  are  seen  at  192.6  ppm 
(' Jpt-p  “  6411am)  and  a  very  closely  spaced  set  of  two  signals  at  161.1  and  160.3  ppm 
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with  iiiocUted  larger  couplings  of  5483  and  5454Hz  respectively.  Thus,  reaction 
In  the  sole  ration  1  :  2  gives  the  same  unknown  product  (6 (P)  =  192 .6  ppe)  obtained 
In  the  1  ;  3  nole  ratio  reaction  but  also  two  other  species  very  aiallar  to  each 
other  but  having  a  coupling  Indicative  of  a  Pt(0)-P  bond.  These  species  nay  well 
contain  (cod)  as  a  ligand  and  account  for  the  high  C%  value.  Repeating  this 
reaction  gave  the  sane  products  but  in  a  differing  ratio  (assumed  frost  relative 
Intensities).  It  would  seen  that  altering  slightly  rates  of  addition  gives  a 
different  product  distribution.  This  nay  well  be  caused  by  the  [pt(cod)2]  being 
reacted  In  suspension  and  thus  the  ratio  of  fPtCcod)^  to  ligand  in  solution  Is 
not  known. 

To  counter  the  above  difficulties  we  have  recently  performed  the  1  :  3  nole 
ratio  reaction  using  a  toluene  solution  of  [pt(cod)^]  ensuring  that  [pt(cod)J  is 
always  in  excess  until  reaction  is  coaplete.  This  nethod  appears  to  yield  a  single 
product  frost  subsequent  studies  with  ceBrs  ■ 

8.  Reactions  of  the  coaplexes  formed  between  platlnua(O)  and  P(OC4H0)3 . 

In  the  work  with  phosphines  described  above,  the  reaction  with  C^HF^  was 
utilised  In  an  attempt  to  Identify  products.  When  the  major  product  was 
[pt{P(0C4H9)3>4]  then  no  reaction  was  seen  to  occur  with  CgB?s  nor  with  nethanol 
or  bensonltrlle.  Reaction  did  occur  with  lodoaethane,  however,  to  give 
[pt(CH3)I{P(OC4H0)3}^]  which  is  in  the  process  of  full  characterisation. 

If,  however, products  which  contained  complexes  other  than  the  tetrakls  compound 
were  reacted  with  C.H7.  either  at  ambient  temperature  for  50  hrs  or  at  88°C  for  4  hrs 

9  0 

then  reaction  did  occur.  The  orange-red  oil  Isolated  by  solvent  removal  can  be 

treated  with  methanol  and  cooled  to  precipitate  any  tetrakls  complex  present.  The 

infrared  spectrum  of  the  remaining  oil  shows  a  strong  band  at  2040cm  1  attributable 

to  v(M-H)  together  with  evidence  for  the  C#F#  moiety.  The  spectrum  is  similar  to 

that  of  and  Is  therefore  probably  the  {PJOC^Hj)^) 

analogue,  further  characterisation  Is  proceeding.  Heating  this  material  under 
-8 

vacuum  (10  am  Hg)  for  4  hrs  results  la  the  loss  of  hydride  and  C.F.  as  indicated 
by  infrared  spectroscopy.  However,  reaction  of  this  residue  with  fresh  C-HF 
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reforms  the  hydrido-coaplex  again.  In  tha  course  of  these  reactions  the  signal 
In  the  31Pnmr  attributable  to  the  tetrakls  complex  increases  in  Intensity  relative 
to  other  signals.  It  would  thus  seaa  that  If  the  opportunity  arises  l.e.  sufficient 
ligand  at  a  particular  phase  of  the  ractlon,  then  the  tetrakls  coaplez  will  fora 
and  reaaln  as  an  unreactlve  product. 

The  ezplanatlon  of  the  above  reactions  Is  unlikely  to  be  staple.  If  the 

tri-coordinate  species  Is  present  it  nay  react  as  in  reaction  12  and  If  the 

[Pt{P<0C4H9)3>3>  C6BF5  [PtH(CaF8){P(OC4H9)3g  ♦  P(OC4H9>3  (12) 

equilibrium  shown  In  equation  13  lies  to  the  right  this  would  ezplaln  the  Increase 
in  the  amount  of  the  tetrakls  coaplez. 

[pt{P<OC4H9)3g  *  P<OC4H9>3  ^  [pt{P(0C4H9)3}4]  (13) 

However  we  must  still  account  for  the  reaction  of  [ptH(C0F5){P(OC4H9>3}2]  under 

heating  and  vacuum  where  c^rs  end  H  are  lost.  If  the  excess  phosphite  has  been 

taken  up  to  give  the  tetrakls  complex  then  only  "Pt^OC^)^"  remains.  A 
possible  answer  Is  that  a  small  cluster  complex  forms  which  can  react  with  CgHF5  to 
reverse  the  reaction. 

Elucidation  of  the  mechanisms  of  the  reactions  described  above  requires  a 
31 

study  of  the  P  nmr  of  reactants  and  products  many  of  which  are  currently  with 
our  spectroscoplst . 
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Chapter  8 
Sum  ary 

*^>  A  aeriea  of  tertiary  phosphines  and  tertiary  phosphine  oxides  containing 
long  alkyl  chains  have  been  synthesised.  As  expected  they  are  very  aoluble  In 
non-polar  solvents,  particularly  hydrocarbons.  As  a  consequence  it  is  difficult 
to  separate  these  coaipounds  from  intermediates  and  by-products  formed  during  their 
synthesis.  Accordingly  it  is  necessary  to  purify  all  the  reactants  and  to  use 
reactions  that  give  a  minimum  of  side  products.  The  same  remarks  apply  to  the 
synthesis  of  the  transition  metal  complexes  of  these  ligands. 

The  transition  metal  complexes  of  the  tertiary  phosphine  ligands  have  been 
prepared  with  rhodium(I),  palladiun(O) ,  palladium(II) ,  platlnum(O)  and  platlnum(II) . 
All  are  very  soluble  in  non-polar  organic  solvents.  This  extreme  solubility 
modifies  the  catalytic  properties  Of  these  complexes  in  homogeneous  solution,  as 
demonstrated  by  the  enhanced  ratio  of  normal : branched  aldehyde  formed  in  the 
hydroformylatlon  of  1-hexene  in  the  presence  of  [RhCl(CO)Lr]  when  para-alkyl 
groups  are  present  on  the  trlarylphosphlne  L.  The  value  of  extreme  solubility 
on  the  catalytic  properties  of  the  resulting  complexes  is  particularly  well 
demonstrated  by  the  ability  of  the  platlnum(II)  complexes  [Ptl^Cl^  together  with 
tln(II)  chloride  to  promote  the  partial  hydrogenation  of  the  polyolefins 
methyl  llnoleate  and  methyl  llnolenate  to  the  corresponding  monoolefins  with  high 
selectivity .^The^ong  alkyl  chains  enable  this  reaction  to  be  performed  in  the 
absence  of  added  solvent,  and  this  results  in  the  platinum(II)  complexes  being 
particularly  active  and  selective  catalysts.  Undoubtedly  many  more  catalytic 
reactions  till  be  developed  in  which  the  unique  and  extreme  solubility  properties 
of  long  alkyl  chain  tertiary  phosphine  complexes  will  be  found  to  be  very 
advantageous . 

The  presence  of  long  alkyl  chains  on  the  tertiary  phosphines  enable  them  to 
promote  the  ability  of  their  low  valent  transition  metal  complexes  such  as  those 
of  rhodlum(I)  and  platinum(0)  to  undergo  oxidative-addition.  A  detailed 
study  of  the  reaction  of  alkyl  halides  with  {RhX<CO)Lj ,  X  -  halide, 
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L  ■  tertiary  phosphine ,  has  not  only  led  to  a  fuller  understanding  of  the  reaction 
aechanisa,  but  In  addition  has  suggested  that  this  reaction  nay  be  exploited  as  a 
■eans  of  pronoting  the  decontaainatlon  of  austard.  The  rhodiua  complexes  can 
either  be  dissolved  in  paints  or  polyners,  using  their  extras*  solubility  In 
non-polar  solvents  or  any  be  linked  to  polyners  and  cloth-like  aaterials  by 
Y-radlatlon  grafting  the  tertiary  phosphine  ligands  on  to  the  polyners  or  cloth. 

We  propose  to  extend  our  initial  observations  in  this  area. 

Finally  we  have  shown  that  serovalent  platinum  coaplexes  containing 
tertiary  phosphine  ligands  can  readily  react  with  C-H  bonds  as  in  C^HF^  to 
cleave  the  C-H  bond  and  coordinate  the  two  fragments.  We  propose  to  investigate 
this  further  as  It  provides  a  very  exciting  route  for  converting  hydrocarbons 
directly  into  platlnun(II)-carbon  coaplexes,  which  are  known  to  undergo  a  wide 
range  of  reactions. 
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